
Part 1

aero-nau-tics \-iks\ n pl but sing in constr   1: a science of dealing with the
operation of aircraft  2: the art or science of flight

National Aeronautics and
Space Administration

Educational Product

Educators    Grades 5-8

EG-2003-07-001-ARC

Exploring Aeronautics:
The Science of Flight Educator Guide

An Educator Guide with Activities in Aeronautics



Exploring Aeronautics: The Science of Flight
Educator Guide is available in electronic format
through NASA Spacelink--one of NASA’s
electronic resources specifically developed for the
educational community.

This publication and other educational products
may be accessed at the following address:

http://spacelink.nasa.gov/products



Exploring Aeronautics:
The Science of Flight Educator Guide

Part I
of the Three-Part Series

National Aeronautics and Space Administration
Office of Education

This publication is in the Public Domain and is not protected by copyright. Permission is not required for duplication.

The listing of proprietary names in this guide is not an endorsement of the products. The brand names/Web sites listed are suggestions only.



Exploring Aeronautics: The Science of Flight
Educator Guide

EG-2003-07-001-ARC

Table of Contents
Section 1 Introduction

Pedagogical Basis................................................................................................12
Program Goals.............................................................................................................................................................12
Goals and Objectives................................................................................................................13
Correlation to National Science Education Standards....................................................................16
Content Matrix............................................................................................................................19
Aeronautics Interdisciplinary Planning Web................................................................................20
Aeronautics Multiple Intelligences Planning Web..............................................................................21
Multiple Intelligences Culminating Activities................................................................................22
Aeronautics Thematic and Topical Questions Web...........................................................................23

Using the Unit....................................................................................................24
Suggested Daily Lesson Planner...............................................................................................................................24
Opening Set..............................................................................................................................................................32
The Big Event:  Air Show...................................................................................................................................33

Assessment....................................................................................................40
Introduction......................................................................................................................................................40
Introductory Assessments...................................................................................................................................41

Know-Want to Know-Learned-Proof of Learning..............................................................................41
Brainstorming..................................................................................................................................... 44
Pre-Test: Exploring Aeronautics...............................................................................................................45
Pre-Test: Exploring Aeronautics - Answer Key.....................................................................................49
Post-Test: Exploring Aeronautics..............................................................................................................53
Post-Test: Exploring Aeronautics - Answer Key....................................................................................57

Embedded Assessments..................................................................................................................................61
Independent Experiments.........................................................................................................................61
Experiment Rubric...............................................................................................................................62
Concept Maps......................................................................................................................................63
Pictorial and Drawing Assessments........................................................................................................69
Will This Airplane Fly...............................................................................................................................70
Will This Airplane Fly? - Key.......................................................................................................................71
How a Wing Generates Lift......................................................................................................................72
How a Wing Generates Lift - Key............................................................................................................73
Changing the Flight Path of an Airplane #1............................................................................................74
Changing the Flight Path of an Airplane #1- Key...................................................................................75
Changing the Flight Path of an Airplane #2...........................................................................................76
Changing the Flight Path of an Airplane #2 - Key.................................................................................77
Prediction............................................................................................................................................ 78
Prediction - Key...........................................................................................................................................79



Exploring Aeronautics: The Science of Flight
Educator Guide

EG-2003-07-001-ARC

Performance Task................................................................................................................................................80
Control Surfaces: Student Instructions..................................................................................................81
Control Surfaces: Student Worksheet..................................................................................................82
Control Surfaces: Student Worksheet - Key.........................................................................................84

Portfolio Assessment................................................................................................................................................86
Aeronautics Rubric..............................................................................................................................87
Aeronautics Portfolio..............................................................................................................................88
Student Reflection:  Concept Map..................................................................................................89
Student Reflection:  Labeled Diagram..................................................................................................90
Student Reflection:  Creative Writing..................................................................................................91
Student Reflection:  Set of Notes....................................................................................................92
Student Reflection:  Science Experiment................................................................................................93
Student Reflection:  Math Connection Activity.....................................................................................94
Student Reflection:  Comparison Chart................................................................................................95
Student Reflection:   Art / Music / Dramatic Piece................................................................................96
Student Reflection:  My Choice...........................................................................................................98

Self-Evaluation...................................................................................................................................................99
Experiment Assessment...........................................................................................................................99
Activity Assessment..............................................................................................................................100

Traditional Assessment.....................................................................................................................................102
Aeronautics Final Test..............................................................................................................................102
Aeronautics Final Test - Key.....................................................................................................................106

Section 2 Content

Introduction to Aeronautics..........................................................................109
Section Overview................................................................................................................................................109
Teacher Reading: Introduction to Aeronautics..................................................................................................110
Overhead Guides................................................................................................................................................116
Student Reading: Aeronautics..............................................................................................................................117
Student Note Taking Guide..............................................................................................................................119
Student Worksheet: Aeronautics.........................................................................................................................120
Student Worksheet: Aeronautics - Key...............................................................................................................121
Quick Quiz: Introduction to Aeronautics..........................................................................................................122
Quick Quiz: Introduction to Aeronautics - Key................................................................................................123

The Scientific Method...................................................................................124
Section Overview................................................................................................................................................124
Teacher Reading:  The Scientific Method....................................................................................................125
Student Reading: The Scientific Method....................................................................................................127
Abbreviated Student Guidesheet: The Scientific Method...............................................................................129
Experiment Log  Template................................................................................................................................131
Teacher-Led Experiment:  Balloon Thrust

Procedure Card.................................................................................................................................133
Experiment Log - Key..............................................................................................................................134



Exploring Aeronautics: The Science of Flight
Educator Guide

EG-2003-07-001-ARC

Student Reading:  Newton’s Third Law..............................................................................................................136
Teacher-Led Experiment: Cup With Water

Procedure Card........................................................................................................................................137
Experiment Log - Key...............................................................................................................................139

Student Worksheet:The Scientific Method..................................................................................................141
Student Worksheet:The Scientific Method - Key..............................................................................................142
Quick Quiz: The Scientific Method...............................................................................................................143
Quick Quiz: The Scientific Method - Key..................................................................................................144

Four Forces of Aeronautics.............................................................................145
Section Overview....................................................................................................................................................145
Teacher Reading: Four Forces of  Aeronautics..................................................................................................146
Overhead Guides....................................................................................................................................................149

Four Aeronautical Forces.................................................................................................................149
The Four Forces in Balance............................................................................................................150
The Angle of Lift................................................................................................................................151
Weight................................................................................................................................................152
Lift....................................................................................................................................................... 153
Thrust.................................................................................................................................................154
Drag.................................................................................................................................................... 155

Student Reading: Four Forces of  Aeronautics..................................................................................................156
Student Note Taking Guide..........................................................................................................................160
Student  Worksheet: Four Forces of  Aeronautics...........................................................................................161
Student  Worksheet: Four Forces of  Aeronautics - Key................................................................................162
Experiment: What a Drag!

Procedure Card.................................................................................................................................163
Experiment Log - Key...............................................................................................................................164

Experiment: The Force of Thrust
Procedure Card..................................................................................................................................166
Experiment Log - Key................................................................................................................................167

Experiment: A Little Lift
Procedure Card.................................................................................................................................169
Experiment Log - Key................................................................................................................................170

Additional Student Activities...............................................................................................................................172
Concept Map: The Four Forces.......................................................................................................173

Writing Experiences........................................................................................................................................174
Critical Thinking Questions...............................................................................................................................174
Quick Quiz:  Four Forces of Aeronautics....................................................................................................175
Quick Quiz:  Four Forces of Aeronautics - Key................................................................................................176



Exploring Aeronautics: The Science of Flight
Educator Guide

EG-2003-07-001-ARC

Wings........................................................................................................... 177
Section Overview...........................................................................................................................................177
Teacher Reading: The Work of Wings........................................................................................................178
Overhead Guides...........................................................................................................................................182

Newton’s Third Law................................................................................................................................182
Bernoulli’s Principle................................................................................................................................183
How an Airfoil Works..............................................................................................................................184
Four Basic Wing Designs..........................................................................................................................185
Diagram of an Airplane’s Structure........................................................................................................187

Student Readings: Wings
Part 1....................................................................................................................................................188
Part 2....................................................................................................................................................190

Student Note Taking Guides
Part 1....................................................................................................................................................191
Part 2....................................................................................................................................................192

Student Worksheets: Wings
Part 1....................................................................................................................................................193
Part 2....................................................................................................................................................194

Student Worksheets: Wings - Keys ......................................................................................................................195
Experiment: Faster Air = Lower Air Pressure 1

Procedure Card.........................................................................................................................................196
Experiment Log - Key.............................................................................................................................197

Experiment: Faster Air = Lower Air Pressure 2
Procedure Card.........................................................................................................................................199
Experiment Log - Key...............................................................................................................................200

Experiment:  Lift and an Airfoil
Procedure Card...................................................................................................................................202
Experiment Log - Key................................................................................................................................203

Additional Student Activities................................................................................................................................205
Writing Experiences...........................................................................................................................................205
Critical Thinking Questions................................................................................................................................206
Quick Quiz:  Wings...........................................................................................................................................207
Quick Quiz: Wings - Key........................................................................................................................................208

Airplane Control...............................................................................................209
Section Overview...........................................................................................................................................209
Teacher Readings

Parts of an Airplane and Their Functions..............................................................................................210
The Use of Coordinate Axes in Aeronautics.......................................................................................214

Overhead Guides...........................................................................................................................................219
Parts of an Airplane................................................................................................................................219
Axes Around Which an Airplane Moves...............................................................................................220
Pitch - Motion and Control Surface......................................................................................................221
Yaw - Motion and Control Surface........................................................................................................222
Roll - Motion and Control Surface........................................................................................................223
Control Surfaces..................................................................................................................................224

Student Reading:  Airplane Control......................................................................................................................225



Exploring Aeronautics: The Science of Flight
Educator Guide

EG-2003-07-001-ARC

Student Note Taking Guide.............................................................................................................................230
Student Worksheets:  Airplane Parts and Motions.......................................................................................232
Student Worksheets:  Airplane Parts and Motions - Key................................................................................233
Student Worksheets:  Airplane Control .....................................................................................................234
Student Worksheets:  Airplane Control - Key .........................................................................................237
Student Project: Make Your Own Glider.......................................................................................................238
Experiment Data Sheet #1.............................................................................................................................242
  Control Experiment #1

Procedure Card..................................................................................................................................243
Experiment Data Sheet - Key.................................................................................................................245

Experiment Data Sheet #2.............................................................................................................................246
  Control Experiment #2

Procedure Card..................................................................................................................................247
Experiment Data Sheet - Key..................................................................................................................249

Experiment Data Sheet #3................................................................................................................................250
  Control Experiment #3

Procedure Card...................................................................................................................................251
Experiment Data Sheet - Key..................................................................................................................252

Additional Student Activities.............................................................................................................................253
Writing Experiences.........................................................................................................................................253
Critical Thinking Questions.............................................................................................................................254
Quick Quiz: Airplane Control.............................................................................................................................255
Quick Quiz: Airplane Control - Key....................................................................................................................256

Tools of Aeronautics........................................................................................257
Section Overview...............................................................................................................................................257
Teacher Reading: Tools of  Aeronautics........................................................................................................258
Overhead Guides................................................................................................................................................264

Computational Fluid Dynamics (two overheads)..............................................................................265
Wind Tunnel.........................................................................................................................................266
Flight Simulation.........................................................................................................................................267
Flight Test .............................................................................................................................................268

Student Reading: Tools of Aeronautics.........................................................................................................269
Student Note Taking Guide....................................................................................................................................272
Student Worksheet: Tools of Aeronautics..................................................................................................273
Student Worksheet: Tools of Aeronautics - Key.........................................................................................274
Experiment:  Air Pressure and Current of Air

Procedure Card.................................................................................................................................275
Experiment Log - Key.............................................................................................................................276

Experiment:  Object Shape and Drag
Procedure Card...................................................................................................................................278
Experiment Log - Key ......................................................................................................................279

Additional Student Activities........................................................................................................................281
Writing Experiences......................................................................................................................................... 281
Project: Creating an Airflow Relief Sculpture..............................................................................................282
Critical Thinking Questions............................................................................................................................283
Quick Quiz: Tools of Aeronautics......................................................................................................................284
Quick Quiz: Tools of Aeronautics - Key.........................................................................................................285



Exploring Aeronautics: The Science of Flight
Educator Guide

EG-2003-07-001-ARC

Section 3 Appendices

Appendix 1: Aeronautics Glossary.................................................................................................................287
Appendix 2: Resources and References.......................................................................................................304

Print Material.....................................................................................................................................304
Teacher Readings.....................................................................................................................................304
Student Readings.....................................................................................................................................306
Videos.................................................................................................................................................309
Associations......................................................................................................................................310
Web Sites............................................................................................................................................311
Kits and Games.....................................................................................................................................321
Teacher Acknowledgments.....................................................................................................................322

EDCATS Educator Reply Card



Exploring Aeronautics: The Science of Flight
Educator Guide

EG-2003-07-001-ARC

Acknowledgements

Susanne Ashby – Curriculum Specialist

Liza Alderete – Editor

Desktop Publishing Provided by
Gary Walton Graphics and Amberlee Chaussee



Part I - Section I 11

Exploring Aeronautics:The Science of FlightEG-2003-07-001-ARC

Introduction

EXPLORING AERONAUTICS

Part I
Section 1

Introduction



Part I - Section I 12

Exploring Aeronautics:The Science of FlightEG-2003-07-001-ARC

Introduction - T

Pedagogical Basis

Program Goals

1. To stimulate and increase student awareness of, interest in and achievement in science.
Specifically, to stir young people’s imagination and fuel their enthusiasm for the study
of science, mathematics and technology using fundamental themes of aeronautics.

2. To engage students in interactive multimedia learning activities that increase their
understanding of aeronautics-related concepts.
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Goals and Objectives

Goal 1
To use the Scientific Method to answer a question or solve a problem.

Objectives
The Learner will be able to:

• recite the steps of the scientific method
• develop each part of the scientific method
• identify a question
• identify a hypothesis
• construct an experiment
• list procedures which will complete the experiment
• list material needed to perform the experiment
• perform experiment
• observe and record results
• write a conclusion
• identify a new question generated by the experiment

Goal 2
To understand that the progression of the science of aeronautics was influenced
by the technology of the time and historic events, as well as individuals, agencies
and groups who worked to solve problems.

Objectives
The Learner will be able to:

• gather information from a variety of resources (handouts, CD-ROM
programs, encyclopedia, Internet, library print material and timelines)

• identify important aspects of aeronautical history with respect to five
specified categories

• chronicle important events, discoveries and innovations in aeronautics
using a timeline format
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Goal 3
To understand that there are a variety of aircraft types which have been designed
for specific purposes.

Objectives
The Learner will be able to:

• identify and describe the basic categories of aircraft
• identify features of an aircraft and then categorize that aircraft based

upon those features
• identify and describe the regimes in which aircraft fly
• compare aircraft based upon their characteristics
• compare aircraft types based upon their regime
• define the speed of sound
• describe the phenomenon of flight
• identify and describe how sound travels in waves

Goal 4
To understand the four forces and their effect on aircraft.

Objectives
The Learner will be able to:

• name and define each of the four forces that influence flight
• describe the effect of each of the four forces upon an aircraft
• identify how the four forces work in an oppositional manner
• define a force

Goal 5
To understand the relationship between the shape of an airfoil and the four forces.

Objectives
The Learner will be able to:

• draw and label an airfoil and indicate airflow
• describe how air pressure is affected by airflow
• describe how air pressure influences lift



Part I - Section I 15

Exploring Aeronautics:The Science of FlightEG-2003-07-001-ARC

Introduction - T

Goal 6
To understand the control surfaces and motions of an airplane.

Objectives
The Learner will be able to:

• identify and demonstrate the six motions of an airplane
• identify the three axes that help to define the motions of an airplane
• identify and label the control surfaces of an airplane
• demonstrate the movement which occurs as each control surface is

manipulated, both individually and together

Goal 7
To understand what tools engineers and scientists use to test aircraft designs and
how these tools are employed.

Objectives
The Learner will be able to:

• list the four tools of aeronautics
• describe how each tool works
• identify the importance of testing aircraft with these tools
• contrast modern tools to early tools
• discuss the importance of each tool to aircraft design

Goal 8
To understand how aeronautics has become an integral part of our modern world.

Objectives
The Learner will be able to:

• identify the varied uses of aircraft in our society
• identify occupations associated with aeronautics
• describe new aircraft designs being considered for future development
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Correlation to National Science
Education Standards

(National Science Education Standards, National Academy of Sciences, National Academy Press, 1996)

Unifying Concepts and Processes

• Systems, order and organization
• Evidence, models and explanation
• Form and Function

Content Standard A:  Science as Inquiry

Students should develop abilities necessary to do scientific inquiry.
• Identify questions that can be answered through scientific investigations.

Students should design and conduct scientific investigation.
• Use appropriate tools and techniques to gather, analyze and interpret data.
• Develop descriptions, explanations, predictions, and models using evidence.
• Think critically and logically to make the relationships between evidence and

explanations.
• Recognize and analyze alternative explanations and predictions.  Communicate

scientific procedures and explanations.
• Use mathematics in all aspects of scientific inquiry.

Students should develop understandings about scientific inquiry.
• Different kinds of questions suggest different kinds of scientific investigations.
• Current scientific knowledge and understanding guide scientific investigations.
• Mathematics is important in all aspects of inquiry.
• Technology used to gather data enhances accuracy and allows scientists to analyze

and quantify results of their investigation.
• Scientific explanations emphasize evidence, have logically consistent arguments,

and use scientific principles, models, and theories.
• Science advances through legitimate skepticism.
• Scientific investigations sometimes result in new ideas and phenomena for study....
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Content Standard B:  Physical Science

All students should develop an understanding of motions and forces.
• The motion of an object can be described by its position, direction of motion,

and speed.  That motion can be measured and represented on a graph.
• An object that is not being subjected to a force will continue to move at a

constant speed and in a straight line.
• If more than one force acts on an object along a straight line, then the forces will

reinforce or cancel one another, depending on their direction and magnitude.
Unbalanced forces will cause changes in the speed or direction of an object’s
motion.

Content Standard E:  Science and Technology

All students should develop understandings about science and technology.
• Many different people in different cultures have made and continue to make

contributions to science and technology.
• Science and technology are reciprocal.
• Perfectly designed solutions do not exist.
• Technological designs have constraints.
• Technological solutions have intended benefits and unintended consequences.

Some consequences can be predicted, others cannot.

Content Standard F:  Science in Personal and Social
Perspectives

All students should develop an understanding of science and technology in society.
• Science influences society through its knowledge and world view.
• Societal challenges often inspire questions for scientific research ….
• Technology influences society through its products and processes.
• Science and technology have advanced through contributions of many different

people, in different cultures, at different times in history.
• Scientists and engineers work in many different settings ….
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Content Standard G:  History and Nature of Science

All students should develop an understanding of science as a human endeavor.
• Women and men of various social and ethnic backgrounds engage in the activities

of science, engineering ... Some engineers work in teams, and some work alone,
but all communicate extensively with others.

• Science requires different abilities, depending on such factors as the field of
study and type of inquiry.

All students should develop an understanding of the Nature of Science.
• Scientists formulate and test their explanations of nature using observation,

experiments, and theoretical and mathematical models.
• It is part of scientific inquiry to evaluate the results of scientific investigations,

experiments, observations, theoretical models, and the explanations proposed
by other scientists.

All students should develop an understanding of the History of Science.
• Many individuals have contributed to the traditions of science.
• In historical perspective, science has been practiced by different individuals in

different cultures.
• Tracing the history of science can show how difficult it was for scientific innovators

to break through the accepted ideas of their time to reach the conclusions that
we currently take for granted.
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Content Matrix

Science Discipline Physical

Grade Level 5 - 8

Theme(s) Systems and Interactions;  Forces and Motions; Scale and
Structure; Structure and Function

Unifying Concept The use of scientific inquiry has led humankind to develop
an understanding of the forces and motions that enable
flight.

Grade Level Concept Forces acting on a structure in a particular way enable
flight.

Subconcepts Trial and error gave way to observation and scientific
inquiry in the study of aeronautics;

Four forces (lift, drag, weight, thrust)  interact with special
structures to achieve and maintain controlled flight;

These forces and structures and their subsequent
interactions can be observed for specific causes and effects.
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Multiple Intelligences Culminating Activities

Logical-Mathematical
Create a paper airplane designed to fly a great distance.  Set up a course and perform
flight tests, measuring the distance of each flight, developing a chart and graph of results,
and then figuring the average flight distance.

Spatial
Create a sculpture with the theme of flight.
Create a mind map about one of the following: aircraft, aeronautics, aeronautical tools.

Musical
Write a song, rap or instrumental piece that expresses an aspect of flight or aeronautics.

Body-Kinesthetic
Create a dance that demonstrates one of the fundamentals of aeronautics or an aspect
of flight.

Interpersonal
Create a working airplane using people to form the parts.  Have them coordinate their
movements to fly like an airplane.

lntropersonal
Choose an aspect of aeronautics that you enjoyed learning about and research that
topic on the Internet or a CD-ROM, then present your findings to a small group of
interested students.

Linguistic
Choose one position from below and write a letter to a politician attempting to inform
and influence his/her opinion in regards to this topic:

• importance of research to aeronautics;
• importance of aeronautics to our modern society;
• supersonic flight and regulations;
• flight safety.
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Suggested Daily Lesson Planner

You might be asking yourself, “Where do I begin with this unit?” What follows is a
suggested daily plan for the unit.  Use this as a guide and substitute activities as the needs
of your class dictate.

Day 1

• Do Opening Set
•.CD-ROM Component:  Demonstrate the interface and discuss what kind of

information is found on the CD-ROM as well as how to
navigate and access information.

Day 2 - Introduction to Aeronautics

• Read Teacher  Reading.
• Use the Overhead Guide to introduce the topic of aeronautics.
• Distribute Student Note Taking Guide with the details side blanked out.
• Read aloud the Student Reading.  After each paragraph, guide the students in the

note taking process.
• After discussion, distribute the Student Worksheet:  Aeronautics.
• CD-ROM Component:       Allow students to “explore” only “The Resource Center”

section.

Day 3 - The Scientific Method

• Read Teacher  Reading.
• Introduce the Scientific Method.
• Introduce and discuss each step of the Scientific Method.  Use either the Student

Guidesheet or Abbreviated Student Guidesheet.
• Perform the Teacher-Led Experiment:  Balloon Thrust.  Have students fill in their

Experiment Log as you perform each step of the Scientific Method.
• Have students complete the Student Worksheet:  The Scientific Method.
• CD-ROM Component:   Assign from the Student Logbook the worksheet “The

Firsts in Flight” and have the students use the “History”
subsection of “The Resource Center”.

Using the Unit
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Day 4 - The Scientific Method (continued)

• Have the students read the Student Reading:  Newton’s Third Law.
• Review the Scientific Method.
• Walk the students through the Teacher-Led Experiment: The Cup with Water.

Have students fill in their Experiment Log as you perform each step of the
Scientific Method.

• CD-ROM Component:     Assign from the Student Logbook the “Glossary Search”
activity sheet and have the students use the “Glossary”
subsection of “The Resource Center”.

Day 5 - Fundamentals of Aeronautics

• Read Teacher Reading.
• Use the Overhead Guides to help illustrate the information presented in the Student

Reading.
• Hand out the Student Reading and the corresponding Student Note Taking Guide with

the details side blanked out.
• Read aloud, discuss and take notes from the Student Reading.
• Have students complete the Student Reading Worksheet:  The Four Forces.
• CD-ROM Component:     Assign from the Student Logbook “The People of Flight”

and use the “History” subsection of “The Resource
Center”.

Day 6 - Fundamentals of Aeronautics (continued)

• Review the information from yesterday’s readings.
• Go over procedures for the experiment: Faster Air = Lower Air Pressure I.
• Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)

and have students do the experiment.
• Review student experiment logs and compare with Experiment Log Key, modeling

what a well-written hypothesis and conclusion look like.
• CD-ROM Component:      Assign from the Student Logbook the activity sheet “Four

Forces” and use the “How an Airplane Flies” section’s
“Lift” and “Four Forces” subsections.
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Day 7 - Fundamentals of Aeronautics (continued)

• Go over procedures for the experiment:  Faster Air = Lower Air Pressure 2.
• Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)

and have students do the experiment.
• Review student experiment logs and compare with Experiment Log Key, modeling

what a well-written hypothesis and conclusion look like.
• CD-ROM Component:  Assign from the Student Logbook the “Word Hunt”

activity sheet and use the “Glossary” subsection of “The
Resource Center”.

Day 8 - Fundamentals of Aeronautics (continued)

• Go over procedures for the experiment:  What A Drag!
• Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)

and have students do the experiment.
• Review student experiment logs and compare with Experiment Log Key, modeling

what a well-written hypothesis and conclusion look like.
• CD-ROM Component:   Assign from the Student Logbook the activity sheet

“Dates in the History of Flight” and use the “History”
subsection from “The Resource Center”.

Day 9 - Fundamentals of Aeronautics (continued)

• Go over procedures for the experiment:  The Force of Thrust.
• Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)

and have students do the experiment.
• Review student experiment logs and compare with Experiment Log Key, modeling

what a well-written hypothesis and conclusion look like.
• CD-ROM Component:   Assign from the Student Logbook the activity sheet

“Prefix” and “Where in the World Did THIS  Word
Come From?” and use the “Glossary” subsection of
“The Resource Center”.
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Day 10 - Fundamentals of Aeronautics (continued)

• Go over procedures for the experiment:  A Little Lift.
• Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)

and have students do the experiment.
• Review student experiment logs and compare with Experiment Log Key, modeling

what a well-written hypothesis and conclusion look like.
• CD-ROM Component:    Assign from the Student Logbook “The Aircraft” and

use the “History” subsection of “The Resource Center”.

Day 11 - Fundamentals of Aeronautics (continued)

• Choose some of the activities from Additional Student Activities.
• CD-ROM Component:   Allow the students to thoroughly explore “The Hangar”

section.

Day 12 - Fundamentals of Aeronautics (continued)

• Choose topics from Writing Experiences and have students share their essays.
• CD-ROM Component:  Assign from the Student Logbook “Technology and

Aeronautics” and use the “History” subsection of “The
Resource Center”.

Day 13 - Wings

• Read Teacher Reading.
• Hand out Student Reading and Note Taking Guide for Part 1.
• Use the Overhead Guides to illustrate information presented as you read aloud,

discuss and take notes.
• Have students complete the Student Worksheet for Part 1.
• CD-ROM Component:  none
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Day 14 - Wings (continued)

• Hand out Student Reading and Note Taking Guide for Part 2.
• Use the Overhead Guides to illustrate information presented as you read aloud,

discuss and take notes.
• Have students complete the Student Worksheet for Part 2.
• CD-ROM Component:  none

Day 15 - Wings (continued)

• Go over procedures for the experiment: Lift and An Airfoil.
• Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)

and have students do the experiment.
• Review student experiment logs and compare with Experiment Log Key.
• CD-ROM Component:     Assign from the Student Logbook the activity sheet “Lift”

and use the “Lift” subsection of the “How an Airplane
Flies” section.

Day 16 - Wings (continued)

• Choose some of the activities from Additional Student Activities.
• CD-ROM Component:    Assign from the Student Logbook the activity sheet “Wing

Shape” and use the “Wing Shape” subsection of the “How
an Airplane Flies” section.

Day 17 - Wings (continued)

• Choose some of the activities from Additional Student Activities.
• CD-ROM Component:      Assign from the Student Logbook the activity sheet “Pilot

Clues” and use “The Hangar” section.

Day 18 - Wings (continued)

• Choose topics from Writing Experiences and have students share their essays.
• CD-ROM Component:  none
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Day 19 - Airplane Control

• Read Teacher Reading.
• Hand out Student Reading and Student Note Taking Guide.
• Use the Overhead Guides to illustrate information presented as you read aloud,

discuss and take notes on the first half of the reading.
• CD-ROM Component:  none

Day 20 - Airplane Control (continued)

• Complete reading and note taking for Student Reading.
• Use the Overhead Guides to illustrate information presented as you read aloud,

discuss and take notes on the first half of the reading.
• Have students complete the Student Worksheet:  Airplane Parts and Motions.
• CD-ROM Component:   Assign from the Student Logbook the activity sheets

“Parts” and “Control Surfaces” (first page only of latter)
and use the “Parts” subsection of the “How an Airplane
Flies” section.

Day 21 - Airplane Control (continued)

• Review Procedure:  Making Your Own Glider.
• Have students make their own gliders.
• Have students complete the Student Worksheet:  Airplane Control.
• CD-ROM Component:      Assign from the Student Logbook the activity sheet

“Control Surfaces” (second page) and “Movement” and
use the “Movement” subsection of the “How an Airplane
Flies” section.

Day 22 - Airplane Control (continued)

• Go over procedures for Control Experiment #1.
• Hand out Procedure Card and blank Experiment Data Sheet (use Experiment Data

Sheet Template) and have students do the experiment.
• Review student experiment data sheets and compare with Experiment Data Sheet

Key.
• CD-ROM Component:  none
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Day 23 - Airplane Control (continued)

• Go over procedures for Control Experiment #2.
• Hand out Procedure Card and blank Experiment Data Sheet (use Experiment Data

Sheet Template) and have students do the experiment.
• Review student experiment data sheets and compare with Experiment Data Sheet

Key.
• CD-ROM Component:  none

Day 24 - Airplane Control (continued)

• Go over procedures for Control Experiment #3.
• Hand out Procedure Card and blank Experiment Data Sheet (use Experiment Data

Sheet Template) and have students do the experiment.
• Review student experiment data sheets and compare with Experiment Data Sheet

Key.
• CD-ROM Component:  none

Day 25 - Airplane Control (continued)

• Review the results of the experiments done over the past three days with the
students.  Reiterate the name and location of each control surface and what motion
it controls.  Demonstrate each with your own glider.  Have students reflect on their
experiences over the past three days - how comfortable are they with the Scientific
Method?

• CD-ROM Component:  Assign from the Student Logbook the 2 activity sheets
“Make Your Own Comparison” and use “The Hangar”
section.

Day 26 - Airplane Control (continued)

• Choose topics from Writing Experiences and have students share their essays.
• CD-ROM Component:     Assign from the Student Logbook “Experiment:  Airfoil

Lift and Drag” and use the “Activity Center” section.
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Day 27 - Tools of Aeronautics

• Read Teacher  Reading.
• Hand out Student Reading and Student Note Taking Guide.
• Use the Overhead Guides to illustrate information presented as you read aloud,

discuss and take notes.
• Have students complete the Student Worksheet:  Tools of Aeronautics.
• CD-ROM Component:  Assign from the Student Logbook the activity sheet

“Computational Fluid Dynamics” and use the “CFD”
subsection of the “Tools of Aeronautics” section.

Day 28 - Tools of Aeronautics (continued)

• Go over procedures for Experiment:  Air Pressure and Current of Air.
• Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)

and have students do the experiment.
• Review student experiment data sheets and compare with Experiment Log Key.
• CD-ROM Component:  Assign from the Student Logbook activity sheet “Wind

Tunnels” and use the “Wind Tunnel” subsection of the
“Tools of Aeronautics” section.

Day 29 - Tools of Aeronautics (continued)

• Choose some of the activities from Additional Student Activities.
• CD-ROM Component:  Assign from the Student Logbook activity sheet “Flight

Simulation” and use the “Flight Simulation” subsection of
the “Tools of Aeronautics” section.

Day 30 - Tools of Aeronautics (continued)

• Choose one of the activities from Additional Student Activities.
• CD-ROM Component:   Assign from the Student Logbook activity sheet “Flight

Test” and the “Flight Test” subsection of the “Tools of
Aeronautics” section.
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Opening Set

Pre-Set
• Make a plywood “glider” (which is not meant to fly). Take old plywood boards and

sticks and construct a model that looks like an airplane, but does not function like
one.

• Purchase a prefabricated balsa wood or Styrofoam glider.

Set
• Present each glider for class viewing.  Pass the gliders around the classroom for

closer inspection.

• Facilitate class discussion on a comparison of the models.

• Ask the class what they think enables an airplane to fly.  List their ideas.

• In groups, have students create lists of the following:

• What they already know about aeronautics;

• What they want to know.

• Discuss these lists and compile them.

• Ask the class which “glider” will fly.  Discuss their explanations.

• Attempt to fly each glider.

• Review predictions and explanations without offering technical explanations.

Post-Set
• Written reflection: Have students write their explanation of what enables an airplane

to fly.  Encourage them to express their explanation in two to four sentences and to
make a diagram to illustrate their explanation.

• Additional reflection: Have the students create a mind web of aeronautics or airplanes.
Save these in their portfolio and compare this initial mind map to one completed at
the end of the unit.
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The Big Event:   Air Show

As an activity to culminate the aeronautics unit, teachers and students can conduct their
own Air Show.  Air Show events can include contests, an air museum, oral presentations,
guest speakers and/or a “Fly By” performed by members of the class who have built their
own glider.  The following paragraphs detail how these events can be organized and run.
.
Air Museum

Utilizing pieces of work completed by students during the unit, have students design
displays and set up the classroom as a museum.  Some suggestions for display titles
are as follows:  Art and Aeronautics, The History of Aeronautics,  Aircraft,
Fundamentals of Flight, People of Flight.

Oral Presentations
Have students present poems, songs/raps, creative writings or interviews to
classmates or to other classes as part of a school-wide special event.  The
presentations could be recorded on videotape for viewing by parents and teachers
at an appropriate event.

Guest Speakers
Invite community members involved in aeronautics to give a 15-30 minute talk
about their work.  Have the students design the invitations and thank you notes.

Potential Guest Speakers
• aeronautical engineer involved in aerodynamics, avionics, instrumentation, materials

manufacturing
• pilot
• parachutist
• aeronaut
• air traffic controller
• airport operations manager
• airplane mechanic
• flight attendant
• scientist involved in metallurgy, composites and ceramics used in aircraft

manufacture
• aircraft manufacturing employee involved in sheet metal, fabrication, assembly,

inspection, pattern making, molding
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Air Show Guest Speaker Guidelines

Date  ___________________

Dear  __________________________,

Thank you so much for taking the time to join us as a speaker for our “Air Show” as we
conclude our study of aeronautics.  To help you prepare for your presentation we have
included some helpful hints as well as a suggested outline.  Feel free to follow the
presentation outline or modify it as you wish.  We look forward to your visit on month-
date-day.

Hints

• Any visuals you could bring with you would be very interesting, for example: photographs,
models, actual tools and/or parts, short videotape clips.

• If you need any special equipment (microphone, VCR-TV, computer, audio tape player)
let us know in advance so we can have it ready for you.

• If you wear a special uniform, it would be really nice to see it.

• Keep your presentation to 15 - 20 minutes.

• Allow time for questions after your presentation is completed.
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Presentation Outline

1. Introduce yourself

• Give your name.

• What is your relationship to someone in our class or at our school?

• Where and for what company do you work?

• How long have you worked there?

• Have you worked in any other jobs that were related to aeronautics?

2. Tell about your job

• What is your job title?

• Give your job description.

• What is your job’s relationship to aeronautics?

3. Describe a typical workday

• When do you start work and end work?

• What are some of the usual things you have to deal with every day?

• Do you work with any special tools or machines on your job?

• What part of your job do you like the most?

• What part of your job do like the least?

4. Related job Information

• What kind of training or schooling do you need to do this work?

• Why did you go into this type of work?

5. Questions

• Leave about 5 minutes for questions.
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Contests

Presented below are two contests which can be judged and/or monitored by parents or
perhaps by some of the guest speakers.  The two contests are the “Glider for Distance”
and the “Slowest Parachute Drop.”  Charts for both contests and directions for making
the launcher follow these instructions.

1. Glider for Distance

Pre-contest

The gliders can be either styrofoam gliders or paper gliders. Students can be given
class time to construct gliders or they can construct them at home.  Students can
use a pattern provided by the teacher or may find/create their own.

Construct a launcher according to the directions below.  Allow students a few days
prior to the contest to use the launcher to practice launching their planes.

Set-up

Find a long room that does not have drafts.  Set out two parallel strings about 3-4
meters apart along the length of the room.  This is to keep students clear of the
landing zone.  Set a small table or desk at one end of the course.  This becomes the
takeoff point upon which the launcher will sit.

Make sure you have a very long tape measure and one student or parent who can
make the measurements - the “measuring judge”.  Have another student or parent
be the “spotter.” This person’s job is to spot where the plane first lands (touches the
ground) and mark the spot for measurement.  The spotter can also assist the measuring
judge.  The results should be recorded on the distance chart.

The Contest

Give each student one practice launch and then two actual launches.  Measure the
latter two launches and record both measurements.  As prizes you can award students
model airplane kits, balsa wood gliders or other flying toys or objects (patches,
stickers, etc.).
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2. Slowest Parachute Drop

Pre-contest

Purchase bolts - one for each student.  They should be heavy enough to pull down
lightweight cotton material.  Instruct students to gather the material for their
parachute and some “string”.  The string can be yarn, twine, fishing line, or thread.
The selection of the size, shape and type of cloth as well as the type of “string”
should be left to the students.  They should base their decisions on the size and
weight of the bolt you give them.

Have the students think about how they will build their parachute and plan the
construction.  Have each student assemble their own parachute before the contest.
Allow them only a certain amount of time for construction.

Contest

Using a ladder, have an adult hold the center of the parachute and release it from a
predetermined height.  It is recommended that the drop be held at a height between
3 and 5 meters.  Have another adult time the descent with a stopwatch and record
the time.
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Materials for Construction Materials for Launch Use
1 piece of wood 1” x 12” x 12” 1 oversized rubber band
1 piece of wood 1” x 3” x 12” 1 ruler
4 - 1-inch nails
hammer

Directions for Construction

1. Connect the smaller board (1” x 3” x 12”) to the larger board (1” x 12” x 12”)
with two 1-inch nails at a 90-degree angle as per the drawing below.

Launcher

2. Nail the other two 1-inch nails into the
“lower end” of the larger board (1” x
12” x 12”) approximately 1 inch in from
the side and a half inch above the end
as per the drawing below, making sure
that you leave about one-half inch of
each nail exposed.

3. Loop the oversized rubber band around
the nails.

4.  When preparing to launch a glider, place
a ruler under the launcher so that
“student pilots” all pull back on the
rubber band to the  exact same length.
The length should be set between 3” -
7” depending upon the size of the
rubber band.  This will standardize the
launch procedure.

90º

Nail

1"x3"x12"

1"x12"x12"

Side View

1
2
3
4
5

Top View

Rubberband
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Introduction

As with any educational guide some type of assessment is always in order.  There are
many ways to assess a student’s learning achievements.  This section attempts to provide
the instructor with a variety of assessments which can be easily adapted to accommodate
almost any curriculum model being used in the classroom.  Some of these assessments
can be embedded throughout the Science of Flight Unit, while others can be used as
specific benchmarks along the way.  These assessments attempt to incorporate the various
ways students express their knowledge of scientific concepts, as well as enable them to
display their ability to use scientific processes.  This collection of assessments is meant to
complement what is already being done in your classroom.  It includes a variety of
embedded, pictorial, performance task, reflective, self-evaluative and traditional assessment
experiences.  It is hoped that teachers find this variety of assessments to be useful during
the assessment process.

Assessment
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Introductory Assessments

Introductory assessments can be used to determine what students already know about
a subject or what misconceptions they might have, and assist in constructing a more
accurate learning base.  They help the teacher build instructional experiences to ensure
that students acquire the necessary skills, concepts and processes.  Introductory
Assessments can be brought full circle at the conclusion of a unit to demonstrate for
students how much learning they have done.

Know-Want to Know-Learned-Proof of Learning

This is a variation of the standard “Know-Want to Know-Learned” method - “Proof of
Learning” added as a fourth component. This activity can be done as a group assessment
or can be done individually and placed in each of the student’s portfolios to be used at
the end of the unit as a final assessment tool.

At the beginning of the unit, the first page of the chart should be handed out with the
question, “What do you know about how an airplane flies?”  Students should list 3 - 5
statements about what they already know about aeronautics and write their answers in
the “Know” box.  This is followed by the question, “What more do you want to know
about how airplanes fly?”  Students should list 3 - 5 questions that they would like
answered about aeronautics and write their responses in the “Want to Know” box.  A
class discussion should be facilitated to give the teacher an idea of what gaps and
misconceptions students have in their knowledge, as well as what aspects of aeronautics
intrigue them.

At the end of the unit, the students can retrieve their completed first page and be
presented with the second page.  Have the students state specifically, three to five “big
ideas” in the “Learned” box.  These could be answers to the questions listed at the
beginning of the unit.  Finally, have them offer proof of learning in the “Proof of What I
Learned” box. For example, they might have learned that airfoils help make planes fly.
They could then explain Bernoulli’s principle to give evidence.
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Aeronautics K-W-L-P Assessment
Page 1

Know

Want to Know
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Aeronautics K-W-L-P Assessment
Page 2

Learned

Proof of What I Learned
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Brainstorming

Have students write the question:   “How does an airplane fly?” in the center of a piece
of paper.  Give them time to write down their ideas in answer to the question.  The ideas
do not have to be complete sentences!  If any ideas have an intuitive connection then a
line should be drawn between those that do.  At the end of the unit, repeat this activity.
A comparison between the results of the pre- and post- activities can graphically
demonstrate how much learning has taken place.

How Does an Airplane Fly?
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Exploring Aeronautics
Pre-Test

Directions:  This test will show what you know about aeronautics already. You will not
be graded on this pre-test. It will be used to compare what you know now
about aeronautics to what you will have learned by the end of the unit.
Even though you might not know some of these answers, do your best to
answer each question below.

1. Name the four forces that act on an airplane.

2. In your own words define aeronautics.

3. List the steps you would take to find the answer to a question or to solve a
problem.
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4. Name one important aeronautical event in history that improved the science of
aeronautics. Explain how it improved aeronautics.

5. In the box below, draw a diagram that shows how a wing generates lift. Include
these labels on your diagram: airfoil, airflow, high pressure, low pressure, lift.
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6. On the diagram below, label each control surface and then tell what motion it
affects.

7. Name one tool of aeronautics and explain how it is used to test an aircraft design.

8. Explain how computers are used in aeronautical research.

1.  _______________    motion:__________________

2.  _______________

motion:__________________ 3.  _______________

motion:__________________
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9. Label the parts of the airplane in the diagram below.

10. Explain the differences between a straight wing airplane design and a delta wing
airplane design.

1.  _______________ 6.  _______________

5.  __________________

4.  _________________

3.  _______________

2.  ____________________________



Part I - Section I 49

Exploring Aeronautics:The Science of FlightEG-2003-07-001-ARC

Introduction - S

Exploring Aeronautics
Pre-Test

Answer Key

Directions:   This test will show what you know about aeronautics already. You will not
be graded on this pre-test. It will be used to compare what you know now
about aeronautics to what you will have learned by the end of the unit.
Even though you might not know some of these answers, do your best to
answer each question below.

1. Name the four forces that act on an airplane.

• Lift
• Weight
• Thrust
• Drag

2. In your own words define aeronautics.

Answers will vary, but should include the basic statement written below:
The study of flight and the science of building and operating an aircraft.

3. List the steps you would take to find the answer to a question or to solve a
problem.

The Scientific Method should include steps like the following:
• Identify or state the problem
• Form the hypothesis
• Design an experiment: materials list and procedures
• Perform or do the experiments
• Organize and analyze the data
• Draw your conclusions
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4. Name one important aeronautical event in history that improved the science of
aeronautics. Explain how it improved aeronautics.

Answers will vary, but one example is listed below:

The early drag research done on propellers in 19 — changed the design of propellers on
airplanes. The previously exposed engine parts were covered with a “cowling” that made
the air flowing around the nose of the airplane follow a smoother pathway. This reduced
drag and made the fuel consumption more efficient.

5. In the box below, draw a diagram that shows how a wing generates lift. Include
these labels on your diagram: airfoil, airflow, high pressure, low pressure, lift.

LIFT

H

L

AIRFLOW IS FASTER OVER THE TOP OF THE WING
             THUS THE  LOWER AIR PRESSURE

AIRFLOW IS SLOWER UNDERNEATH THE WING THEREFORE
              THE AIR PRESSURE IS GREATER/HIGHER
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6. On the diagram below, label each control surface and then tell what motion it
affects.

7. Name one tool of aeronautics and explain how it is used to test an aircraft design.

There are four possible answers:

• Computational Fluid Dynamics: Using computers to solve complex air flow
equations.

• Wind Tunnel: a way to verify the CFD results by flying a model inside a tube or
tunnel

• Flight Simulation: a mathematical model of a research airplane is programmed
into a computer which manipulates a simulator cockpit . This tool is used to
examine the handling qualities of the airplane, as well as the cockpit control’s
configuration.

• Flight Test: Instruments are placed on the airplane and a trained test pilot takes
the airplane through a list of maneuvers.  Based on the results, the airplane
might be tested further.

1.  _______________    motion:__________________

2.  _______________

motion:__________________ 3.  _______________

motion:__________________

elevators pitch

rudder
yaw ailerons

roll
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8. Explain how computers are used in aeronautical research.

Answers will  vary, but below are listed some possibilities:
• to solve complex mathematical equations
• to run software program that control simulators
• to collect data

9. Label the parts of the airplane in the diagram below.

10. Explain the differences between a straight wing airplane design and a delta wing
airplane design.

Straight wing:
• the leading edge is straight
• it is designed for use more so by subsonic aircraft
• is more fuel efficient at slower speeds

Delta Wing:
• the leading edge is slanted back towards the tail of the airplane
• it is designed for use more so by supersonic aircraft
• is more fuel efficient at faster speeds

1.  _______________ 6.  _______________

5.  __________________

4.  _________________

3.  _______________

2.  ____________________________

engines cockpit

landing gear

wingstail section or empennage

fuselage
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Exploring Aeronautics
Post-Test

Directions:   This test will show what you have learned about aeronautics. It will be used
to compare what you have learned about aeronautics to what you knew
about aeronautics before the unit began. Do your best to answer each
question below.

1. Name the four forces that act on an airplane.

2. In your own words define aeronautics.

3. List the steps you would take to find the answer to a question or to solve a
problem.
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4. Name one important aeronautical event in history that improved the science of
aeronautics. Explain how it improved aeronautics.

5. In the box below, draw a diagram that shows how a wing generates lift. Include
these labels on your diagram: airfoil, airflow, high pressure, low pressure, lift.
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6. On the diagram below, label each control surface and then tell what motion it
affects.

7. Name one tool of aeronautics and explain how it is used to test an aircraft design.

8. Explain how computers are used in aeronautical research.

1.  _______________    motion:__________________

2.  _______________

motion:__________________ 3.  _______________

motion:__________________
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9. Label the parts of the airplane in the diagram below.

10. Explain the differences between a straight wing airplane design and a delta wing
airplane design.

1.  _______________ 6.  _______________

5.  __________________

4.  _________________

3.  _______________

2.  ____________________________
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Exploring Aeronautics
Post-Test

Answer Key

Directions:   This test will show what you know about aeronautics already. You will not
be graded on this pre-test. It will be used to compare what you know now
about aeronautics to what you will have learned by the end of the unit.
Even though you might not know some of these answers, do your best to
answer each question below.

1.  Name the four forces that act on an airplane.

• Lift
• Weight
• Thrust
• Drag

2.  In your own words define aeronautics.

Answers will vary, but should include  the basic statement written below:
The study of flight and the science of building and operating an aircraft.

3. List the steps you would take to find the answer to a question or to solve a
problem.

The Scientific Method should include steps like the following:
• Identify or state the problem
• Form the hypothesis
• Design an experiment: materials list and procedures
• Perform or do the experiments
• Organize and analyze the data
• Draw your conclusions
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4. Name one important aeronautical event in history that improved the science of
aeronautics. Explain how it improved aeronautics.

Answers will vary, but one example is listed below:

The early drag research done on propellers in 19 — changed the design of propellers on
airplanes. The previously exposed engine parts were covered with a “cowling” that made
the air flowing around the nose of the airplane follow a smoother pathway. This reduced
drag and made the fuel consumption more efficient.

5. In the box below, draw a diagram that shows how a wing generates lift. Include
these labels on your diagram: airfoil, airflow, high pressure, low pressure, lift.

LIFT

H

L

AIRFLOW IS FASTER OVER THE TOP OF THE WING
             THUS THE  LOWER AIR PRESSURE

AIRFLOW IS SLOWER UNDERNEATH THE WING THEREFORE
              THE AIR PRESSURE IS GREATER/HIGHER
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6. On the diagram below, label each control surface and then tell what motion it
affects.

7. Name one tool of aeronautics and explain how it is used to test an aircraft design.

There are four possible answers:

• Computational Fluid Dynamics: Using computers to solve complex air flow
equations.

• Wind Tunnel: a way to verify the CFD results by flying a model inside a tube or
tunnel

• Flight Simulation: a mathematical model of a research airplane is programmed
into a computer which manipulates a simulator cockpit . This tool  is used to
examine the handling qualities of the airplane as well as the cockpit control’s
configuration.

• Flight Test: Instruments are placed on the airplane and a trained test pilot takes
the airplane  through a list of maneuvers.  Based on the results, the airplane might
be tested further.

1.  _______________    motion:__________________

2.  _______________

motion:__________________ 3.  _______________

motion:__________________

elevators pitch

rudder
yaw ailerons

roll
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8. Explain how computers are used in aeronautical research.

Answers will  vary, but below are listed some possibilities:
• to solve complex mathematical equations
• to run software program that control simulators
• to collect data

9. Label the parts of the airplane in the diagram below.

10. Explain the differences between a straight wing airplane design and a delta wing
airplane design.

Straight wing:
• the leading edge is straight
• it is designed for use more so by subsonic aircraft
• is more fuel efficient at slower speeds

Delta Wing
• the leading edge is slanted back towards the tail of the airplane
• it is designed for use more so by supersonic aircraft
• is more fuel efficient at faster speeds

1.  _______________ 6.  _______________

5.  __________________

4.  _________________

3.  _______________

2.  ____________________________

engines cockpit

landing gear

wingstail section or empennage

fuselage
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Embedded Assessments

Embedded Assessments are activities that are integrated into the unit day-by-day.  They
actually appear to be part of the unit.

Independent Experiments

When the students are comfortable with the Scientific Method, select two experiments
for evaluation - one midway through the unit and the other at the end.  See the following
Experiment Rubric for scoring.

The Experiment Logs for this unit are formatted as shown below.

Experiment Logs
Experiment log

EXPERIMENT:

Steps                       Data Steps                       Data

1. State the
problem

QUESTION

(What do I want
to know?)

2.  Form your
hypothesis

ANSWER

(What do I
think is going
to happen?)

3.  Create an
experiment

MATERIALS
AND
PROCEDURES

(What steps will
I take to do
this experiment?
What things will
I need?)

NAME  __________
DATE   __________

Experiment log

EXPERIMENT:

4.  Do the
experiment and
record the data

(What information
did I gather during
this experiment?)

5.  Organize
and analyze your
results

(Make a graph,
chart, picture or
diagram)

6.  Draw your
conclusion

(What do my
results mean?
Was my
hypothesis right
or wrong? Can I
explain why?)

NAME  __________
DATE   __________
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Concept Maps

At various times during the course of this unit, give students an aeronautical concept for
them to map.  Make sure that the concepts have been introduced, covered and reinforced
before engaging in a concept mapping activity.

Possible concept mapping topics are listed below, with examples found on the following
pages.

1. Aeronautics

2. Aircraft

3. Fundamentals of Aeronautics or How An Airplane Flies

4. Tools of Aeronautics

5. Four Forces
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push

force

pull

lift

thrust   four forces drag

weight

    Fundamentals of Aeronautics
movement

airfoils Bernoulli’s   control

principle

movements             control

wings  surfaces

airflow

camber different types: pitch elevator

straight

roll ailerons

sweepback

forward-swept yaw rudder

delta

oblique

Concept Map
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Concept Map

airfoil camber airflow gravity

Bernoulli’s

Principle

lift weight

opposite

wings

streamline reduces

Four Forces           drag

friction

forward air resistance

motion

thrust opposite drag

engines slows

forward

propellers motion
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Pictorial and Drawing Assessments

Included in this section are two different types of assessment.

1. Pictorial:  Students are given a picture and are required to answer questions
concerning what they observe.

• Will This Airplane Fly?

• Changing the Flight Path of An Airplane #1

•    Changing the Flight Path of An Airplane #2

•     Prediction

2.  Drawing: Students are given a question and are required to draw or diagram
their answer with labels.

•     How a Wing Generates Lift
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Will This Airplane Fly?

Directions:  Below each airplane picture circle “yes” if the airplane will create enough
lift to fly or “no” if it will not create enough lift to fly. Then, explain why. Be
sure to use aeronautical facts to support your answer.

1. yes no

Reason: __________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________

2. yes no

Reason: _________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
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Will This Airplane Fly? - Key

Directions: Below each airplane picture circle “yes” if the airplane will create enough
lift to fly or “no” if it will not create enough lift to fly. Then explain why.
Be sure to use aeronautical facts to support your answer.

1. yes no

Reason: Yes, it has wings for lift and an engine for thrust.  The engines will
provide the speed and the wings will create the lift.

.

2. yes no

Reason: It does not have an engine for thrust and it has only one wing for
lift. One wing won’t generate enough lift.
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How a Wing Generates Lift

Directions: Draw a diagram that shows clearly how a wing generates lift. Make sure
you include labels that show the wing, airflow, airflow speed, lift, high
pressure area and low pressure area.
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How a Wing Generates Lift - Key

Directions: Draw a diagram that shows clearly how a wing creates lift. Make sure you
include labels that show the wing, airflow, airflow speed, lift, high pressure
area and low pressure area.

LIFT

H

L

AIRFLOW IS FASTER OVER THE TOP OF THE WING
             THUS THE  LOWER AIR PRESSURE

AIRFLOW IS SLOWER UNDERNEATH THE WING THEREFORE
              THE AIR PRESSURE IS GREATER/HIGHER
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Changing the Flight Path of an Airplane #1

Directions: What could the pilot of the airplane in the picture below do to make the
airplane move from position 1 to position 2?  Be very specific in your
explanation and use aeronautical vocabulary.

Explanation:

POSITION 1

POSITION 2
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Changing the Flight Path of an Airplane #1 – Key

Directions: What could the pilot of the airplane in the picture below do to make the
airplane move from position 1 to position 2?  Be very specific in your
explanation and use aeronautical vocabulary.

Explanation:

The pilot could slow down (decelerate) the speed of the airplane by
decreasing thrust.  Then, adjust the elevator into the down position
which would cause the nose of the airplane to pitch down.

POSITION 1

POSITION 2



Part I - Section I 76

Exploring Aeronautics:The Science of FlightEG-2003-07-001-ARC

Introduction - S

Changing the Flight Path of an Airplane #2

Directions: What could the pilot of the airplane in the picture below do to make the
airplane move from position 1 to position 2? Be very specific in your
explanation and use aeronautical vocabulary.

Explanation:

POSITION 1

POSITION 2

POSITION 3
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Move the elevator into the down position so that the nose of the
airplane pitches down.  Move the right aileron into the up position,
the left aileron into the down position.  This will cause the airplane
to roll right.  Move the rudder to the right so the airplane yaws to
the right.

Changing the Flight Path of an Airplane #2 – Key

Directions: What could the pilot of the airplane in the picture below do to make the
airplane move from position 1 to position 2? Be very specific in your
explanation and use aeronautical vocabulary.

Explanation:

POSITION 1

POSITION 2

POSITION 3
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Prediction

Directions: This airplane is flying straight and level.  Predict the airplane’s flight pattern
when the pilot accelerates and moves the elevators into the up position.
Complete the flight path by drawing it into the box. Then, explain why the
airplane will react in that way.

Explanation for Flight Path
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Prediction - Key

Directions: This airplane is flying in a steady, level flight pattern. Predict the airplane’s
flight pattern when the pilot accelerates and moves the elevators into the
up position. Complete the flight path by drawing it into the box. Then,
explain why the airplane will react in that way.

Explanation for Flight Path

The elevators in the up position cause the airplane’s nose to pitch upward.
This, combined with the increased thrust, will cause the airplane to fly a
loop.
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Performance Task

Performance Tasks can be fun for students doing a hands-on activity during which they
must use scientific processes such as prediction, observation, classification, measurement,
etc.  The Performance Task on the following pages can be used also as an embedded
activity or experiment in association with lessons on control surfaces.
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Control Surfaces
Student Instructions

Directions: Using a piece of paper of your choice, create a glider with control surfaces
that work. Then, adjust the control surfaces to perform the two stunts
indicated on your worksheet.

For each maneuver, draw a diagram of your paper airplane in the box on the left and
color the control surfaces you used to perform the maneuver.  Label the names of each
control surface.  Then tell the position each one was in (up, down, left, right, etc.)

In the box on the right, draw its flight path.  Use arrows to show the flight of your paper
airplane.

Below is an example of a roll to the left that pitches downward.

Airplane Diagram with Flight Path
Control Surfaces

DOWN
DOWN

DOWN

UP
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Control Surfaces
Student Worksheet

Maneuver 1:   a loop-the-loop

Airplane Diagram with Flight Path
Control Surfaces

Maneuver 2:   a roll to the left that pitches upward

Airplane Diagram with Flight Path
Control Surfaces
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Control Surfaces
Student Worksheet

Maneuver 3:  a roll to the right that pitches upward

Airplane Diagram with Flight Path
Control Surfaces

Maneuver 4:   a series of barrel rolls

Airplane Diagram with Flight Path
Control Surfaces
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Control Surfaces
Student Worksheet – Key

Maneuver 1:   a loop-the-loop

Airplane Diagram with Flight Path
Control Surfaces

Maneuver 2:   a roll to the left that pitches upward

Airplane Diagram with Flight Path
Control Surfaces

UP

UP

DOWN

UP

UP

LEFT
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Control Surfaces

Student Worksheet – Key

Maneuver 3:  a roll to the right that pitches upward

Airplane Diagram with Flight Path
Control Surfaces

Maneuver 4:   a series of barrel rolls

Airplane Diagram with Flight Path
Control Surfaces

UP

DOWN

RIGHT
UP

ROLL
RIGHT

UP

UP

DOWN

NEUTRAL
LEVEL
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Portfolio Assessment

A portfolio is a system of assessment that collects samples of student work which have
been completed over a specific period of time.  These samples can be used as evidence
of individual student progress.  Portfolios are truly useful when the purpose of learning
is defined in advance and the criteria for assessing learning is clearly identified.  This
particular portfolio design is a “Showcase Portfolio”.  A Showcase Portfolio is mainly
used to “show off” the individual student’s work as a culmination of the learning segment.
This could be used in conjunction with the culminating Air Show event or incorporated
into your own portfolio program.

For this Showcase Portfolio we have identified the following nine components:

• concept map
• labeled diagram
• creative writing entry
• one set of notes
• science experiment
• math connection activity
• comparison chart
• art/ music/ dramatic work
• student choice

For each component we have included a personal reflection sheet which can be completed
by the student while compiling work for his/her portfolio.

Also, we have included an “Aeronautics rubric” as well as a teacher introductory cover
sheet (“Aeronautics Portfolio”) for the portfolio.  The rubric will fit most of the student
projects and activities described in this unit.  The cover sheet will serve to introduce the
skills, concepts and processes inherent in the Science of Flight Unit as well as the goals of
the portfolio process.  Feel free to adapt either of these to better accommodate your
own assessment procedures.
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Aeronautics Portfolio

For our science class, we will be keeping a portfolio for our integrated unit on Aeronautics.
Just as professionals in many different fields maintain a collection of their best work in a
portfolio, your child will showcase his/her best work in their Aeronautics Portfolio.  These
samples will not only be science oriented, but will also be drawn from the content areas
of language arts, social studies and mathematics.  The portfolio will supplement the
assessment process and will provide concrete examples of your child’s work during the
unit.  It will also provide a means for your child to reflect upon the work he/she does and
assess his/her own progress.  It is our hope that through this process we will capture
your child’s learning experiences and growth in a concrete manner and more clearly
demonstrate the progress your child has made.
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Student Reflection:  Concept Map

Title of this Piece:

Description of this piece:  Concept Map of ____________________

What is the goal of this type of assignment?

How many main ideas did you record on the piece?

Estimate how many details you averaged for each main idea on this piece.

Do you think your map has a lot of details and strong connections?
Tell why or why not.

What did you learn from this mapping assignment?

Was this type of assignment difficult or easy for you to do? Why do you think so?
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Student Reflection:  Labeled Diagram

Title of this Piece:

Description of this piece:  Diagram of ________________________

What did you learn from working on this assignment?

What challenges or problems did you encounter while working on this assignment?

How does this assignment connect with other work in this unit?

If you did this assignment over, how would you do it?

What did you learn about yourself while working on this assignment?
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Student Reflection:  Creative Writing

Title of this Piece:

Description of this Piece:

How did your pre-write help you to create this piece?

Give one example of figurative language from this piece and tell why you used that type
of figurative language.

What challenges or problems did you encounter when doing this assignment?

What could you do to make this piece of writing even better?

What did you learn from doing this assignment?
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Student Reflection:  Set of Notes

Title of this Piece:

Description of this Piece:

What is the goal of this type of assignment?

How important is it for you to learn how to take notes?

Is this type of assignment difficult for you or easy? Why?

What challenges or problems did you encounter when trying to take notes?

Give some ideas on how you will overcome the challenges found in learning to take
notes.
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Student Reflection:  Science Experiment

Title of this Piece:

Description of this Piece:

Why did you select this particular experiment for your portfolio?

What is the best part of your work on this experiment?

Name your least favorite part of this experiment and tell why it was your least favorite.

How does this experiment connect to the rest of the unit on aeronautics?

What did you learn from doing this experiment?
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Student Reflection:  Math Connection Activity

Title of this Piece:

Description of this Piece:

What was the goal of this math activity?

How well did you accomplish this goal?

What did you learn from this activity?

How did this math activity connect to aeronautics?

What did you learn about yourself while working on this math activity?
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Student Reflection:  Comparison Chart

Title of this Piece:

Description of this Piece:

Why do you think it is important to learn to make comparisons?

List the criteria you used when telling in what ways the two items were different?

Why did you pick this particular comparison chart?

What did you learn from doing this type of assignment?
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Student Reflection:  Art/Music/Dramatic Piece

Title of this Piece:

Description of this Piece:

Why did you choose this particular creative piece?

What did you learn about yourself from working on this piece?

If you did this assignment over, how would you do it differently?

How does this connect to the unit on aeronautics?
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Student Reflection:  My Choice

Title of this Piece:

Description of this Piece:

Tell why you chose this piece for your own personal choice.

In doing this piece what was your goal?

How well did you accomplish your goal?

If you could do this assignment over, how would it be different?

What score do you think this work deserves? Why?
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Self-Evaluation

Self-Evaluations provide the instructor with unique information about how each student
perceives his or her work.  Encouraging students to be reflective learners makes them
more a part of their own learning process.  It also gives the teacher an insight into
attitudes the student has regarding science, learning and him/herself.

Included in this section are two self-evaluation forms.  One is to be used specifically with
the experiments which use the scientific method, while the other could be used after
any aeronautics activity.
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Experiment Assessment

Directions: Rate yourself and your work.  On a scale of one (low) to ten (high), tell
how well did you do on each part of this experiment.

Name of Experiment:  ______________________________________

A) Hypothesis
Was not a good question       My question did not        I had a good question
because it did not deal with       completely cover        that covered what the
experiment.       the experiment.        experiment did.

1       5             10

B) Procedure
I left out a lot       I only included about        I included all the steps
of steps.       half of the steps.        needed to do the

       experiment.

1       5             10

C) Materials
I left out most of       I had included about        I had all the things
what was needed.       half the things needed.        needed to do the

       experiment.

1       5             10

D) Observation
I did not pay much attention  I watched my experiment        I followed the exper- to
the experiment and hardly  only half of the time and        iment closely and wrote
wrote down anything.  wrote down a few things.        everything I saw.

1       5             10

E) Making Connections
I did not understand what         I did understand        I made more than one
this had to do with flight.         how some parts        connection to flight.

        explained flight.

1       5             10
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A) Following Directions
I skipped around a lot because I I closely followed the directions
did not follow directions. and did the steps in proper order.

1 5 10

B) Using Time Wisely
I wasted a lot of time. I stayed on task the whole time.

1 5 10

C) Recording Observations/Information
I did not write much. I wrote a lot and included everything

I observed.

1 5 10

D) Working Well With Others
I got along only part of the time. I got along most of the time.

1 5 10

E) Discussing Ideas/Results with Others
I did not add much to the discussion. I contributed lots of ideas to the

 discussion.

1 5 10

F) List two things you learned about flight from this activity.

Activity Assessment

Directions: Rate yourself and your work.  On a scale of one (low) to ten (high), tell
how well did you do on each part of this activity.

Name of Activity:  _________________________________________
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For those teachers who still have a place in their curriculum for traditional assessments,
you will find included in this subsection the location for content quizzes and worksheets
as well as a cumulative Aeronautics Final Test.

Section 2 of the Science of Flight unit is divided into six aeronautical content areas. Each
content area contains a knowledge-level worksheet as well as a knowledge-level quiz.
The worksheets could be utilized for review of the content covered in the student
reading, with the quiz being used to assess the retention of the content covered at a
later time. These forms of traditional assessment are not found in this section, but can be
found on the pages given in the listing below.

Introduction to Aeronautics
Student Worksheet...................................................120
Quick Quiz.................................................................122

The Scientific Method
Student Worksheet...................................................141
Quick Quiz.................................................................143

Fundamentals of Aeronautics
Student Worksheet...................................................161
Quick Quiz.................................................................175

Wings
Student Worksheets.................................................193
Quick Quiz.................................................................207

Airplane Control
Student Worksheets

Airplane Parts and Motions........................232
Airplane Control...........................................234

Quick Quiz.................................................................255

Tools of Aeronautics
Student Worksheet...................................................273
Quick Quiz.................................................................284

This Traditional Assessment section includes a cumulative or final test. It is comprised of
a standard mix of true/false, multiple choice and short answer questions.
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Traditional Assessment

Aeronautics Final Test

Directions: Read each sentence below and tell whether the statement is true or false
by placing a “T” or an “F” in the blank. Each question is worth ____  point(s).

_____  1. The Wright Brothers made the first powered flight.

_____  2. The Space Shuttle is actually like a large glider.

_____  3. Chuck Yeager “broke the sound barrier” in 1947.

_____  4. Gravity has no effect on whether an airplane flies or not.

_____  5. The curved shape of a wing is not important to lift.

_____  6. The pressure above the wing is lower than the pressure below the wing
when an airplane is flying.

_____  7. Aerodynamics is the study of gravity.

_____  8. A force is only a push.

_____  9. Subsonic speed means moving slower than the speed of sound.

_____  10. Airfoils have camber.
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Aeronautics Final Test (continued)

Directions: Choose the best answer for each question below and write the letter of
that answer in the blank. Each question is worth ____  point(s).

_____  11. What is the force opposite to lift?

A) weight B) thrust C) drag

_____  12. What is the force opposite to thrust?

A) lift B) weight C) drag

_____  13. Someone who operates an airship is called a(n) ________.

A) aeronaut B) cosmonaut C) astronaut

_____  14. This scientist described what happened to water pressure when water flowed
faster or slower.

A) Newton B) Bernoulli C) Lindbergh

_____  15. Being able to move from one to five times the speed of sound is called ___.

A) subsonic B) transonic C) supersonic

_____  16. The speed or quickness of motion is called ____.

A) stability B) velocity C) vertical

_____  17. Another word for a wing’s shape is ____.

A) rudder B) propeller C) airfoil

_____  18. The measure of force that is created by the weight of air pressing down on
the Earth’s surface is called ____.

A) gravity B) air pressure C) aileron
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Aeronautics Final Test (continued)

_____  19. Which one of the answers below does not make thrust for an airplane?

A) jet engine B) propeller C) elevator

_____  20. Which airplane listed below has two sets of wings?

A) monoplane B) biplane C) airship

Directions:   Answer each question completely.  Each question is worth _____ points.

_____21. List the 6 steps used in the Scientific Method.

_____22. Explain how an airplane generates lift.



Part I - Section I 105

Exploring Aeronautics:The Science of FlightEG-2003-07-001-ARC

Introduction - S

Aeronautics Final Test (continued)

23. Name two of the four tools of aeronautics.  Write a one sentence description
telling what each is used for.

1.

2.

24. Complete the chart below that tells about an airplane’s rotational motions and
control surfaces.  Each box is worth _____  point(s).

How a Plane Moves

Rotational Motion Control Surfaces
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Aeronautics Final Test  - Key
1. true
2. true
3. true
4. false
5. false

6. true
7. false
8. false
9. true
10. true

16. B
17. C
18. B
19. C
20. B

11. A
12. C
13. A
14. B
15. C

21. 1.  state the problem (question)
2.  form your hypothesis (prediction)
3.  design an experiment (materials and procedure)
4.  do the experiment (observe and record data)
5.  organize and analyze data
6.  draw conclusions

22. The following points should be found within the answers:
• Thrust for speed produced by engines or propellers.
• Wings at an angle to the relative wind.
• Airflow is faster over top and slower underneath which creates low air pressure area

above the wing and high air pressure area below the wing.
• Perhaps a nod to Bernoulli and his principle regarding air pressure and air flow speed.

23.     1.  computation Computers are programmed with airplane design specifications and
are “flown” in the computer.  The computer tests the design for its
aerodynamic features.

2.  wind tunnels A model of a new wing or airplane design is placed inside the tunnel
and air is blown around it.  Engineers check for the effects of lift
and drag.  They check to see if the model is aerodynamically sound.

3.  simulation A simulator’s computer is programmed with an airplane’s design
specifications.  A pilot then “flies” the simulator and gives feedback
on how it handles.

4.  test flight A prototype is made of a new aircraft design and is actually flown
by a pilot who then gives feedback on how it flies.
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24.

25. 1.  drag resists the forward movement of the airplane

2.  lift lifts the airplane in a direction perpendicular to the direction of
thrust

3.  thrust gives it speed to move forward

4.  weight pulls the airplane towards Earth or in the direction opposite lift.

How a Plane Moves

Rotational Motion Control Surfaces

yaw

elevatorspitch

roll

rudder

aileron
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Section Overview

Introduction to Aeronautics

What can be said about the “Introduction to Aeronautics” except that it introduces
the learner to the topic while briefly discussing how aeronautics evolved, what an
airplane is, and how engineers study the science of aeronautics. It is, in itself, a brief
look at aeronautics!

CD-ROM Usage

At this point, to pique the students’ interests in aeronautics, the teacher could show
the opening segment of the CD-ROM and demonstrate how to navigate the
interface. If the teacher wishes, allow the students to browse in the Resource
Center. Use the Word Hunt (page 46 of the Student Logbook) as a way to
familiarize students with the glossary.

Materials List

If the teacher has not done so already, the Opening Set found on page 32 can be
used here prior to the reading. For this Set, the following materials will be needed:
• pre-fabricated balsa wood or Styrofoam™ glider
• homemade wooden glider

Student Handouts

Student Reading: Introduction to Aeronautics
Student Note Taking Guide
Student Worksheet: Aeronautics
Quick Quiz: Introduction to Aeronautics
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First of all - what is aero?

“Aero” is a Greek prefix signifying air.  Everyone knows what air is - we breathe it all the
time!  However, some of the concepts important to aeronautics use a technical definition
of air which, at first, may seem counter-intuitive.  Air is made up of a mixture of gasses,
and thus is itself a gas.  However, in all the reading about aeronautics you have done (and
will do!) air is referred to as a fluid.  For instance, air obeys the laws of fluid dynamics.
Thinking of air as a fluid is definitely counter-intuitive, particularly for students.  After all,
we breathe air - but if we breathe fluid we drown!  The solution lies in the technical
definition of a fluid.  That definition states that a fluid is any substance that flows.  Obviously
water flows, but so does air and so do powders!  So, technically speaking, air and powders
are fluids.  Of most importance to our study of aeronautics is the fact that air obeys the
physical laws of fluids.  A very interesting open-ended question for students is how our
everyday definitions for words are oftentimes not technically correct.  When someone
says “fluid” why do we always assume they are talking about a watery substance?

What is aeronautics?

Aeronautics is typically defined as the art or science of flight, or the science of operating
aircraft.  This includes a branch of aeronautics, called aerodynamics, that deals with the
motion of air and the way it interacts with objects in motion, such as an aircraft.  Both of
these branches are a part of the tree of Physical Science.  Aviation refers to the operation
of heavier-than-air craft.

 How did aeronautics begin?

The theoretical basis for these branches stems from the work of Sir Isaac Newton in the
1600s.  Newton developed laws that defined the effects of forces acting on objects in
motion or at rest.  He also developed the concept of viscosity, or fluid friction, which is
the resistance of air or any other fluid to flow.  Daniel Bernoulli, in the 1700s, developed
the principle that the speed of a fluid is directly related to pressure.  That is, the faster the
flow of a fluid, the lower the pressure that is exerted on the surface it is flowing over.  For
example, if air is flowing faster over the top of a surface than under a surface, the pressure
on the top of the surface will be less than that on the bottom.  These concepts were

Teacher Reading

Introduction to Aeronautics
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LIFT

WEIGHT

THRUST DRAG

necessary to the development of flight.  Without understanding the
aerodynamic principles of flight, humans would simply be mimicking the

actions of birds.  It was demonstrated through many spectacular yet often
disastrous attempts, that pure imitation would not enable humans to fly.

How did aeronautics evolve past the imitation of birds?

The science of aeronautics really began to evolve in the late 18th century and the early
19th.  Philosophers and early scientists began to look closely at
physical phenomena such as gravity and motion.  As paths of
communication were established between distant cultures, the
understanding of flight began to coalesce.  With their wealth of
understanding of kites, rockets and fireworks, the Oriental cultures
defined and harnessed propulsion.  The Europeans with their penchant for analysis,
definition and precision, began to piece together the concept of force.  This growth in
knowledge and communication continued throughout the 19th century.  By the very late
19th and early 20th centuries, this knowledge had evolved to the point where people
sought to put it to practical use.  As space is the frontier of today, flight was a frontier of
that time.

Along with factual knowledge, the methods of discovery, trial and error evolved into the
scientific method.  The scientific method became a widely accepted process to question,
analyze, test and verify results.  Concepts and ideas that were subjected to the scientific
method received general acceptance and were used as bases for generating new ideas.

The classification and definition of forces involved with flight were
developed.  We know them today as lift, drag, weight and
thrust. Scientists began to understand how they
worked together to enable an object heavier
than air to fly.  Once these concepts were well
understood, it was only a matter of time before
humans figured out how to not only fly, but to control
their flight.  Balloons, which by this time were old news,
enabled people to fly, but aeronauts remained at the mercy of
the wind to determine where they went.  With the premier of airplanes, people could fly
when, how and where they wanted.  Another frontier had been conquered. Within a few
short years, airplane designers refined the shape of wings and overall construction to
improve airplane performance and safety.  Further improvements in airplane design allowed
flight to become accessible to everyone.
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What is an airplane?

What is the difference between aircraft and airplane?
Aircraft is the more general term, and refers to any
heavier-than-air craft that is supported by its own
buoyancy or by the action of air on its structures.  An airplane is a heavier-than-air craft
that is propelled by an engine and uses fixed aerodynamic surfaces (i.e. wings) to generate
lift.  So, every airplane is an aircraft, but not every aircraft is an airplane!  Gliders are
aircraft that are not airplanes.  The Space Shuttle is definitely an aircraft, but it is not an
airplane.  It does not carry engines for propulsion.  Helicopters are also aircraft that are
not airplanes because their aerodynamic surfaces are not fixed - they rotate.

In Exploring Aeronautics we will use the term “airplane” when we are talking specifically
about definitions and concepts that relate strictly to a craft that uses wings for lift and
has engines for propulsion.  When we use “aircraft” we will be referring to a set of craft
that includes balloons, gliders, and airplanes.

Why are there so many different types of airplanes?

The characteristic that most readily identifies the type, performance and purpose of an
airplane is the shape of its wings.  There are four basic wing types: straight wings, sweep
wings (forward-sweep/sweepback), delta wings and the swing-wing (or variable sweep
wing).  Each shape allows for premium performance at different altitudes and at different
speeds.  Lots more information about wings will be covered in the “ Wings” section.

Another important discriminator between airplanes is speed.
Airplanes fly at subsonic, transonic, supersonic, and hypersonic speeds.  These speed
classifications are called the “regimes” of flight.  The suffix -sonic refers to the speed of
sound, which is dependent on altitude and atmospheric conditions (nominally 340 meters
per second).  “Mach” is a term used to specify how many times the speed of sound an
aircraft is traveling.  Mach 1 is one times the speed of sound.  Mach 2 is twice the speed
of sound, and so on.  Mach numbers less than 1 are speeds less than the speed of sound.
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Supersonic refers to all speeds greater than the speed of sound, which is the same as
saying all speeds above Mach 1.

Subsonic refers to all speeds less than Mach 1.

Transonic refers to all speeds from approximately Mach .9 to Mach 1.5 - that is, the
speeds at which an aircraft is going through the speed of sound or “breaking the sound
barrier”.

Hypersonic refers to all speeds greater than Mach 5.  Note that an aircraft flying at
hypersonic speeds can also be said to be flying at supersonic speeds.

Every modern aircraft that is built today is built for a specific purpose.  Airplanes are
designed for different altitudes, different speeds, different weight carrying capacities, and
different performance.  Jet fighters are relatively lightweight, highly maneuverable and
very fast.  They are designed to carry a relatively small amount of
weight, including fuel, which necessitates refueling on long flights.

Passenger airplanes are larger, carry more weight, and can fly longer
distances.  However, they are less maneuverable and slower than jet
fighters.

Other aircraft, like the SR-71, are designed to fly at very high altitudes
and high speeds for very long periods of time.

Every aircraft fills a particular niche in the gigantic matrix that is modern aviation.  As you
learn more about aeronautics you will be able to look at an aircraft and identify what
niche that particular airplane fills - what are its purposes, what are its strengths and what
are its weaknesses.

How do aeronautical engineers study aircraft and design new
ones?

As the use of the scientific method became increasingly important, it also became clear
to aircraft designers that testing their hypotheses with human subjects was too risky.
Wind tunnels were the first tool of aeronautics to be developed.  In the very early 1900s
designers built models of their aircraft and placed them in tunnels through which air
could be blown to simulate flight.  While wind tunnels did provide valuable information
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and were certainly safer than human flight, there were many questions that were left
unsolved, simply because the interactions of all the forces on an aircraft were too complex

for the analysis methods of the day.

The advent of the computer changed everything.  Now massive
quantities of data could be gathered from wind tunnel tests and
analyzed quickly and efficiently using the computer.  In addition, new
tools were developed.

Next came flight simulators which enabled a pilot to fly without ever
leaving the ground.  Flight simulator cockpits were designed to be
exact duplicates of real aircraft cockpits.  Motion systems were added

and have evolved to the point where it is very hard to tell the
difference between an airplane ride and a simulator ride.

As computers got faster than we ever could have imagined and
became able to handle humongous amounts of data, we began
to consider simulating airflow in a computer. Computational Fluid
Dynamics was born.  As advances in computer graphics have
been made, it is now possible to sit at a desk and watch a
computer-generated airplane fly - complete with the ability to
visualize airflow and pressures and fly the airplane from takeoff to landing.

However, even with our increased ability to use computers, simulators and wind tunnels,
the final and most definitive test of an aircraft is whether or not a pilot can fly it.  Flight
test, in which a human climbs into the cockpit and flies the aircraft, was the first tool of
aeronautics and remains the final and most important test that an aircraft must undergo.
Vast improvements have been made in the safety of flight test and the ability of ground
engineers and pilots to predict and avoid hazardous situations.  All the tests using the
other tools of aeronautics result in an aircraft being far more flight-worthy by the time
it reaches flight test than it has in the past.  However, the bottom line still remains - can
a pilot fly an aircraft, control it, and make it do what he or she needs it to do.

What does aeronautics research mean to you?
The development of powered flight has been one of the major human achievements
during the 20th century. Flight has touched every facet of our day-to-day lives, and not
a single corner of the world, including the most remote, has remained untouched by
its development.
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NASA scientists and engineers work together with other researchers from universi-
ties and aerospace companies to learn how to design better airplanes. What does
this mean to the general public? Improved or more modern airplanes are easier to
maintain, cost less to operate (which means a cheaper ticket for the passengers
aboard), are safer to fly, and are better for the environment. NASA focuses on sev-
eral areas including weather-related safety, aging airplanes, advanced structures and
engines for airplane design, air traffic control, helicopters, airport and supersonic
engine noise reduction, turbulence prediction, and the human factor.
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Overhead Guides

LIFT

WEIGHT

THRUST DRAG

Wing

AIRFOIL SECTION
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Student Reading
Aeronautics

Look up in the sky at nearly anytime of the day or night and you can see some kind of
aircraft traveling overhead.  Flying is common in our modern world.  Through the centuries
people slowly learned what it took to fly.  They have studied flight and air.  These studies
have become a science or system of knowledge.

Aeronautics is a science that studies flight and the operation of aircraft.  A lot of the
information scientists and engineers know about aeronautics comes from the research
that has been done in aerodynamics.  Aerodynamics is a part of aeronautics that studies
the way air moves and the way it moves around objects (like airplanes).

During the very early days of aeronautics, people observed the flight of
birds, created imitations of them and imitated their motions.  They
thought that by attaching feathers or wings to themselves and
flapping their arms, they could fly.  They soon realized
that there was more to flight than imitating birds.

They began to make closer observations of birds and
their wings.  They discovered the unique shape of wings and how birds used them to
control flight.  Then, they tested their ideas using trial and error.  Unfortunately, trial and
error cost many early inventors their lives.  As a result, they began to use the scientific

method to effectively and safely test their ideas.

Gradually, by doing experiments, they gathered much useful
information about the way air moves and acts.  They discovered
the basic principles of gravity and motion.  They began to

understand the four forces of drag, lift, weight and thrust and how
they work together to make flight possible.  They saw how the shape of

wings could be changed to improve flight.  They developed wind tunnels to test their
early flight designs.  This information led inventors to create safer aircraft that could be
controlled and flown higher and faster than ever before.

This led them to develop aircraft with special features that could be used for a great
variety of purposes, such as to fight fires and do scientific and atmospheric surveys.
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Later on, scientists and engineers created better ways to test new aircraft designs.  Besides
using a flight test, they also used modern technology like computers and simulators.
They developed other useful tools to help them make safer aircraft that could fly in very
different ways.

Today aeronautics and aerodynamics continue to be carefully studied.  The knowledge
we gain from these studies has helped to improve our daily lives in ways we never
imagined.  The world of medicine, communications technology and manufacturing have
all benefited from research on aeronautics and aerodynamics.  Aeronautics will continue
to improve aircraft design as it expands our horizons and pushes the envelope of flight.
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Student Note Taking Guide

Big Ideas Important Little Details

science a system of knowledge

aeronautics a science that studies flight and the operation of aircraft

aerodynamics a part of aeronautics that studies the way air moves around
objects

early studies imitated birds using feathers and a flapping motion

closer observations observed birds more closely
noticed unique shape of wing
used trial and error to test ideas
scientific method started to evolve

got more information performed experiments
discovered basic principles of gravity & motion
understood how 4 forces (drag, lift, gravity, thrust) work

together
improved shape of wings
created safer planes

test aircraft built safer airplanes
flight test
developed better ways of using computers, wind

tunnels, simulators

knowledge improves daily lives
helped medicine, communications, technology,

manufacturing
improve aircraft design and safety
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Student Worksheet:  Aeronautics

Directions: Use the student reading “Aeronautics” to help you answer the questions
below using complete sentences.

1. Give the definition of the three terms below as they are defined in your reading:

science -

aeronautics -

aerodynamics -

2. List two ways early inventors and scientists made discoveries and gathered
information.

3. List three areas of our lives that have been improved by our study of aeronautics and
aerodynamics.

4. List two new topics that were mentioned in this reading that you might be interested
in learning more about.
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Student Worksheet:  Aeronautics - Key

Directions: Use the student reading “Aeronautics” to help you answer the questions
below using complete sentences.

1. Give the definition of the three terms below as they are defined in your reading:

science - a system of knowledge

aeronautics - a science that studies flight and the operation of aircraft

aerodynamics - a part of aeronautics that studies the way air moves around objects

2. List two ways early inventors and scientists made discoveries and gathered
information.

- observed the motions of birds
- observed the way air moves
- tested ideas:  used trial and error

scientific method
flight test
wind tunnels
computers
simulators

3. List three areas of our lives that have been improved by our study of aeronautics and
aerodynamics.

- safer airplanes
- medicine
- communications technology
- manufacturing
- make better airplanes (improve the design of aircraft)

4. List two new topics that were mentioned in this reading that you might be interested
in learning more about.

answers will vary
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Quick Quiz

Introduction to Aeronautics

Directions:   Circle the letter of the answer that best answers the question.

1. What is the definition of aeronautics?

A. the study of the way air moves around an object
B. a system of knowledge
C. a science that studies flight and the operation of aircraft

2. Which areas of our lives have been improved by the study of aeronautics?

A. better and safer airplanes
B. communications technology
C. manufacturing
D. all of the above

3. What is the definition of science?

A. the study of the way air moves around an object
B. a system of knowledge
C. a science that studies flight and the operation of aircraft

4. How did early scientists and inventors make discoveries and gather information?

A. scientific method
B. observed the motion of birds and how air flows
C. tested in wind tunnels
D. all of the above

5. What is the definition of aerodynamics?

A. the study of the way air moves around an object
B. a system of knowledge
C. a science that studies flight and the operation of aircraft
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Quick Quiz - Key

Introduction to Aeronautics

Directions:   Circle the letter of the answer that best answers the question.

1. What is the definition of aeronautics?

A. the study of the way air moves around an object
B. a system of knowledge
C. a science that studies flight and the operation of aircraft

2. Which areas of our lives have been improved by the study of aeronautics?

A. better and safer airplanes
B. communications technology
C. manufacturing
D. all of the above

3. What is the definition of science?

A. the study of the way air moves around an object
B. a system of knowledge
C. a science that studies flight and the operation of aircraft

4. How did early scientists and inventors make discoveries and gather information?

A. scientific method
B. observed the motion of birds and how air flows
C. tested in wind tunnels
D. all of the above

5. What is the definition of aerodynamics?

A. the study of the way air moves around an object
B. a system of knowledge
C. a science that studies flight and the operation of aircraft
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Section Overview

The Scientific Method

This section serves as a guide not only for the students, but also for the teacher in
providing a step-by-step process for how to teach the Scientific Method.

CD-ROM Usage

The only segment of the CD-ROM which employs the Scientific Method is found in
the “Activity Center”. Do not use that segment until nearly the end of the science
unit, as it is important that the students are comfortable with the process before
conducting the major experiment found in this segment.

Materials List

• one medium to large sized balloon
• one Styrofoam cup
• string (two - three pieces of equal length approximately 2 feet long)
• a sink or large pan or large bucket
• another container for pouring water
• water
• ring stand (preferably)
•drinking straw

Student Handouts

Student Reading: The Scientific Method
Abbreviated Student Guide Sheet: The Scientific Method
Experiment Log page 1
Experiment Log page 2
Student Reading: Newton’s Third Law
Student Worksheet: The Scientific Method
Quick Quiz: The Scientific Method
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Scientists use any one of a number of techniques to gather facts and solve mysteries.
These techniques vary widely and the choice of technique is based on the question being
asked, the test facilities and other resources available, and the preference of the researcher.
However, the process that scientists and engineers use to organize and effectively utilize
these many techniques is standard.  The name of the process is the Scientific Method.
Though relatively simple and straightforward, adherence to this method generally assures
a researcher that his/her conclusions will be considered worthy of consideration by his/
her peers.  Note that this does not mean that his/her peers will agree with the researchers
conclusions - or even the question! - but they will generally agree that the research is
worth reviewing.  Further, the method serves as a basis for discussion because the terms
associated with the method are well- and widely understood.

The basic steps of the Scientific Method are as follows:

State the problem (question)
Form a hypothesis (answer)
Design an experiment (materials and procedure)
Perform the experiment (observe and record data)
Organize and analyze data
Draw conclusions

Initial attempts to guide students through the Scientific Method are often painstakingly
slow.  Students invariably want to jump to conclusions without taking the time to fully
complete each step.  Particularly with simple experiments, students find it difficult to
justify the extra care and attention that the Scientific Method requires.  As the experiments
become more difficult, those who follow the Method will generally be successful, while
those who take shortcuts will invariably not be able to produce good data or draw valid
conclusions.

Following this section is a Student Guidesheet which can be used to introduce the
Method.  The Abbreviated Student Guidesheet can be used as reference throughout the
Science of Flight Unit.

Teacher Reading

The Scientific Method
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In each of the experiments in the Science of Flight Unit, students will be required to keep
a log.  The log provides a format that will enable students to adhere to the Method.  The
Experiment Log:  Blank Template can be copied and used throughout the unit.

Two experiments follow.  The first is led by the teacher and requires no advance
preparation.  The second is preceded by a Student Reading on Newton’s Third Law, and
is also teacher-led.  Leading the students through their first two experiments should give
them adequate preparation for the experiments to follow in the rest of the Unit.

The more students use the Scientific Method in their experiments, the more comfortable
they will become with its use.  A suggested sequence for experiments throughout the
rest of the Unit, is to display the Procedure Card (that accompanies the experiment) on
an overhead projector, then quickly go over how to do the experiment without giving
away the results.  Next, release the class according to student groupings to perform the
experiment.  After the students have completed their experiments and written conclusions,
lead them through a discussion of the results.  Place a transparency of the Experiment
Log Key on the overhead projector and guide students in a reflection reviewing the
entire experiment.

The Experiment Log Keys consist of the Experiment Log with the “Details” side filled in.
Bear in mind that the details for each step are written only as a guide.  Student answers
will vary.  Be open to those variations, while making sure that students can justify their
assertions.

This section concludes with a Student Worksheet on the Scientific Method.
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Student Reading
The Scientific Method

Scientists use many processes to uncover new facts and to solve mysteries.  The process
they use the most is called the Scientific Method.  Throughout this process scientists
keep a log of all their ideas and all that they see and do.  The basic parts of the Scientific
Method that we will use throughout this unit include the following steps:

1. State the problem (question)
2. Form a hypothesis (prediction)
3. Design an experiment (materials and procedure)
4. Perform the experiment (observe and record Data)
5. Organize and analyze data
6. Draw conclusions

Each step will be explained below.  You will then practice using the Scientific Method by
performing a simple experiment.  Use your Experiment Log to help you follow all of the
steps.

State the problem (question)

Sometimes you notice events around you and wonder why they happen the way they do.
You then ask yourself a question or maybe you ask someone else that question.  You can
find a good answer to your question using the Scientific Method.

Form a hypothesis (prediction)

You have noticed an event and formed a question about it, so now you can predict what
the answer will be.  This prediction is called the hypothesis (hi-pa-the-sis).  You can make
your prediction by using some information you already know or you may simply guess.
Your prediction might not be correct, but that is all right!  You will have learned important
information about your question.

Design an experiment (materials and procedure)

Now you must create an experiment of your own to help prove that your hypothesis is
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right or wrong.  As you design this experiment you must write down the steps.  These
steps are called the “procedure”.  The procedure must tell exactly what you will do to
perform the experiment.  Your directions must be very clear, so that someone else could
repeat your experiment to check the results.  Remember to include a list of materials
you will need to perform the experiment.  Be sure to list the size and shape of containers
you will need and to specify what items need to be made of.  For example, would you
need a plastic spoon or a metal spoon?

Perform the experiment (observe and record data)

While you are following your procedure, you need to remember to observe carefully
what happens.  The information you get from your observations is called “data”.  You
might need to measure results or note a change in size, shape, color or movement.
Always record your data as you observe it - don’t wait until after the experiment!  You
might not remember precisely what happened.

Organize and analyze data

Take all your observations and data and get them organized! You can write down your
observations in paragraph form as well as put your data in a list, table or graph.  When
you organize your data remember to make it neat and easy to read.

Draw conclusions

Now you really have to think about all that you have done.  Read back over your written
observations and your well-organized data.  Go back and look over your question and
your hypothesis.  At this point you might want to look up some more information about
the topic or have a discussion with a fellow scientist to review your findings.

Do your results prove your hypothesis? If they do, explain why you think they did.  Are
there any further questions or hypotheses that you can think of?

If your results do not prove your hypothesis, try to explain why you think they did not.
Remember that if your results do not prove your hypothesis, it does not necessarily
mean you did something wrong!  Oftentimes it is just as important to prove a hypothesis
is not true as it is to prove that a hypothesis is true!

You might not know the exact reason why your results proved or disproved your
hypothesis, but you can do research to find more information or repeat your experiment
using different procedures or materials.
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Abbreviated Student Guidesheet
The Scientific Method

State the problem  (question)

• What is it that puzzles you?

• What is the question you would like answered?

Form a hypothesis  (prediction)

• Using what you know, write down an answer to your question.

• Using what you know, write down a prediction of what you think might happen.

Design an experiment  (materials and procedure)

• Design an experiment that will help you prove or disprove your hypothesis.

• Write down a step-by-step procedure that tells how you will do the experiment.

• List what materials you will need to do the experiment.

• Tell what size and shape containers you need and what the materials need to be made of.

• Make sure your procedure is very specific.

Perform the experiment  (observe and record data)

• Follow each step of your procedure very precisely.

• Record what you observe and any measurements you take.

• Give details with lots of description.
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Organize and analyze data

• Organize the data you collected:

– make a graph

– make a chart

– draw a picture (before and after)

– draw and label a diagram

Draw conclusions

• Using the data you have gathered and what you know, explain why you think the experiment
turned out like it did.

• Explain why you think your hypothesis was proved or disproved.

• Can you relate the results to anything else you have observed before?

• Do your conclusions generate any further questions or ideas?
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Experiment Log
Page 1

Experiment:

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)
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Experiment Log
Page 2

Experiment:

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)
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Teacher - Led Experiment
Balloon Thrust – Procedure Card

After introducing the Scientific Method, the teacher can walk the students through this
simple experiment to help them become accustomed to using the Method.

Lead the students through a discussion of everyday things they have observed and then
wondered why they happened.  Use the template on the following pages as a guide.

1 . For example a question might be:

“How is it that an airplane can move forward?”

2. Next, field predictions from the students of what the answer might be:

“Air coming out the back end pushes it forward.”

“The engines make it go.”

3. Ask students to propose steps for an experiment to prove or disprove their
hypothesis.  Lead them towards the Balloon Thrust Experiment.  Explain to the
students what steps you will perform and then have them assist you in creating the
procedure and the materials list.

4. Follow the procedure and ask students to observe carefully with all of their senses.

5. Get ideas from the students on how to organize the data:  graph, chart, drawing, etc.

6. Ask each student to write their own conclusion.

7. Share and discuss their conclusions.

8. Distribute the Student Reading:  Newton’s Third Law and read it to them, discussing
it as you go.

9. Ask them to rewrite their conclusion based upon this new information.

10. Show them the conclusion given in the Experiment Log Key and ask the students to
carefully compare what they wrote to what is given in the Key.  Ask them to identify
ideas that are missing in their conclusions.  Save this work for future comparison.
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Experiment Log – Key
Page 1

Experiment:  Balloon Thrust

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

How is it that an airplane can move forward?

Examples:
-  Air comes out the back end and pushes it forward.
-  Air blows out one way and the aircraft moves the
  opposite way.

Materials: Balloon

Procedure
1. Gather materials.
2. Blow up balloon and hold tightly (do not tie a knot).
3. Hold in midair with the mouth of the balloon facing left, so it’s

parallel with the ground.
4. Let go of balloon and observe.
5. Repeat steps 2-4, but have mouth of balloon facing to the

right.
6. Repeat steps 2-4, but have mouth of balloon facing up.
7. Repeat steps 2-4, but have mouth of balloon on the ground.
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Experiment Log – Key
Page 2

Experiment:  Balloon Thrust

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

The first time the balloon traveled quickly to the right and then it went up
and did some loops before it ran out of air.
The second time the balloon traveled quickly left for a bit before shooting
downward in a loop and hitting the ground.
The third time the balloon went nearly straight down quickly into the
ground where it ran out of air.
The fourth time the balloon shot up nearly straight up into the air and did
some loops before it ran out of air and fell to the ground.

The air rushing quickly out of the mouth of the balloon must push the
balloon forward. That means the air rushing out is the thrust that gives the
balloon its forward motion. Newton’s Third Law says that for every action
there is an equal and opposite reaction. The action is the air coming out of
the mouth of the balloon. The reaction is when the balloon travels in the
direction opposite to where the mouth is pointing. The second hypothesis is
correct.  An airplane works like a balloon.  When the engines blow the air out
one way, the airplane goes the opposite way.

Each time the balloon was released, it immediately traveled in the direction
opposite the way the mouth was pointed. For example, when the mouth
was pointing to the left, the balloon went to the right. After that, the balloon
kind of traveled in the direction opposite where the mouth of the balloon
was pointing.
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Student Reading
Newton’s Third Law

At the time Newton published his laws of motion in the work Principia, his Third Law was
a very new idea.  It states that for every action there is an equal and opposite reaction.

Remember that there are two parts, or components, for every force:  magnitude and
direction.  Magnitude is the amount or strength of the force.  Direction is the way the
object moves when the force is applied.

Newton’s Third Law says that when a force moves an object in one direction (called the
“action”), another force is generated in exactly the opposite direction (called the
“reaction”).  The magnitude of the two forces will be exactly the same.

For example, imagine a person on a skateboard facing a wall.  The person then pushes
against the wall.  The push is the “action” and is in the direction of the wall.  This action
causes a “reaction” in the opposite direction -  the skateboard (with the person on
board) rolls away from the wall.  If the person pushes lightly against the wall (action), the
skateboard will move slowly away from the wall (reaction).  If the person pushes on the
wall with more power (stronger action), the skateboard will move farther away from the
wall and more quickly, too (stronger reaction).

A jet engine demonstrates Newton’s Third Law.  A jet creates a stream of high speed air
flowing (“jetting”) out the back of the engine (action).  This action causes a reaction in
the opposite direction - it thrusts the airplane forward.

Air is sucked into the front of the engine.
Spinning blades compress the air - the blades
push the air molecules closer together.  The
compressed air is then heated by flames
from fuel burning in the combustion
chamber.  The hot air is then released with
great force from the back of the engine.  This
is the force that causes the airplane to move
forward.  A jet engine works the same way
as the balloon.  Air is blown into the balloon.  When the balloon is released the air “jets”
out through the mouth of the balloon, thrusting the balloon forward.

COMPRESSOR

COMBUSTION CHAMBER

TURBINE

SHAFT

FUEL INJECTOR
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Teacher-Led Experiment
Cup with Water – Procedure Card

Review the previous experiment (“Balloon Thrust”) which discussed jet engine thrust
and Newton’s Third Law. Ask the question: “Will Newton’s Third Law apply to a force
created by water, instead of air?”

1. Have students copy the question onto their Experiment Log.

2. Ask them to write down one hypothesis based upon what they learned from the
Balloon Thrust experiment and/or from what they know from their own experience.

3. Discuss their answers.

4. Ask students to propose steps for an experiment to prove or disprove the hypothesis.
Lead them to the following:

Punch three equidistant holes around the top of the cup and tie string through them so
that the cup can be suspended and held in a somewhat level manner.  See diagram on
page 2 of the Experiment Log Key.

Punch a hole the diameter of a straw near the bottom of one side of the cup.  It is
recommended that the hole punching be done in advance.  It is also recommended that
the straw fit snugly into the opening.

Hang the cup over a bucket or sink and have handy a container of water to pour into the
cup.

Pour the water into the cup while holding your thumb over the opening.  Release your
thumb and observe.  As the water rushes out of the opening at the bottom of the cup, the
cup will move slightly in the opposite direction of the water’s flow.

5. Have the students write down the procedure as well as any materials that will be
needed.

6. Do the experiment a couple of times and have students individually record their
observations.



Part I - Section 2

EG-2003-07-001-ARC

138

Exploring Aeronautics:The Science of Flight

Content - S

7. Discuss ways for them to organize and present the data.

8. Allow time for students to write their own conclusion based upon what they
observed.

9. Have students share their conclusions in partners or small groups.

10. Model the type of conclusion you wish students to create using the Key or creating
a conclusion of your own.

By this time students should be comfortable with the Scientific Method.  All experiments
performed in this Unit should be presented in the same manner.  Each experiment will
include the following:

• Procedure card with materials list, preparation directions and experiment
procedure

• Experiment Log Key
• Student readings or handouts.

Use the blank Experiment Log found on page 131 to copy and provide to students.
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Experiment Log – Key
Page 1

Experiment:  Cup with Water

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

Does water act the same way as air according to Newton’s
Third Law?

(Will the water draining out of the can cause the can to
react?)

Will Newton’s Third Law apply to a force created by water
instead of air?

I think the water will not act in the same way as the air.

I think the water will just drain out of the cup.

As the water pours out of the hole, I think the cup will tip in
the opposite direction from the force of the flow.

Materials:
string • cup with holes • water in container • sink/bucket •
piece of straw 1/2” in length

Procedure:

1. Gather and set up materials.

2. Make sure cup is firmly hung and still.

3. Hold cup and block hole at bottom of cup while filling
cup with water.

4. Gently remove block from hole.

5. Observe and record.

6. Repeat steps 3-5.
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Experiment Log – Key
Page 2

Experiment:  Cup with Water

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

After gently releasing the water from the cup, there was a slight
sway. The water poured out the hole in a steady stream with
some force. The cup then moved slightly in the opposite direction
of the water. It stayed in that position for a while and then as the
water started coming out more slowly it also slowly moved back
to its original position.

Before

As soon as the water was allowed to pour out, the cup moved
from its perpendicular position to a slight leaning position. It leaned
in the opposite direction from the way the water was pouring
out. This means that water has the same effect on objects as air
does. Just like Newton’s Third Law, the water’s action of draining
out of the hole caused the cup to react by moving in the opposite
direction. My hypothesis was incorrect. I thought that Newton’s
Third Law only worked with air, but it also works with water. This
means that water acts and causes reactions the same way as
air.

During Toward the End
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Student Worksheet
The Scientific Method

Directions:  Using the Student Guidesheet, answer the questions below.  Write in the
correct step number in the blank for each step described.

_____  1. organize and analyze data
_____  2. form a hypothesis
_____  3. draw conclusions
_____  4. perform the experiment
_____  5. state the problem
_____  6. design an experiment

Directions:  Answer the following questions.

7. Name four (4) ways that data can be organized.

8. Describe what you will be doing when you perform an experiment.

9. What two items must be included when you design an experiment?

10. When you “State the problem”, what kind of statement are you making?

11. When you “Form a Hypothesis”, what kind of statement are you making?
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Student Worksheet Key
The Scientific Method

Directions: Using the Student Guidesheet, answer the questions below.  Write in the
correct step number in the blank for each step described.

__5__  1. organize and analyze data
__2__  2. form a hypothesis
__6__  3. draw conclusions
__4__  4. perform the experiment
__1__  5. state the problem
__3__  6. design an experiment

Directions:  Answer the following questions.

7. Name four (4) ways that data can be organized.

graph
chart
draw a diagram with labels
draw a picture

8. Describe what you will be doing when you perform an experiment.

observing and recording data

9. What two items must be included when you design an experiment?

procedure: how the experiment will be done
materials: what will be needed for the experiment

10. When you “State the problem”, what kind of statement are you making?

question

11. When you “Form a Hypothesis”, what kind of statement are you making?

prediction
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Quick Quiz

 The Scientific Method

Directions:    Circle the letter of the answer that best answers the question.

1. How can data be organized?

A. make a graph
B. make a chart
C. draw a diagram with labels
D. all of the above

2. What is included when designing an experiment?

A. procedure
B. materials
C. hypothesis
D. both A and B

3. When you “State the Problem”, what kind of statement are you making?

A. a question
B. a prediction
C. a materials list
D. none of the above

4. What two (2) things are done when performing an experiment?

A. forming a hypothesis and stating the problem
B. observing what happens and recording data
C. drawing a graph and drawing a conclusion

5. When you “Form a Hypothesis”, what kind of statement are you making?

A. a question
B. a prediction
C. a materials list
D. none of the above
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Quick Quiz - Key

  The Scientific Method

Directions:    Circle the letter of the answer that best answers the question.

1. How can data be organized?

A. make a graph
B. make a chart
C. draw a diagram with labels
D. all of the above

2. What is included when designing an experiment?

A. procedure
B. materials
C. hypothesis
D. both A and B

3. When you “State the Problem”, what kind of statement are you making?

A. a question
B. a prediction
C. a materials list
D. none of the above

4. What two (2) things are done when performing an experiment?

A. forming a hypothesis and stating the problem
B. observing what happens and recording data
C. drawing a graph and drawing a conclusion

5. When you “Form a Hypothesis”, what kind of statement are you making?

A. a question
B. a prediction
C. a materials list
D. none of the above
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Section Overview

Four Forces of Aeronautics

This section defines a force and the four forces of lift, weight, thrust and drag which act
upon an airplane.

CD-ROM Usage

Go to the segment “How an Airplane Flies” (or the runway) and use the subsections
“Lift” and “Four Forces”.  The animated movies can be used to illustrate important
points during the reading. Use the corresponding Student Logbook Sections “Lift” and
“Four Forces” to reinforce the concepts.

Materials List

• two ping pong balls
• two pieces of thread equal lengths
• ring stand or table edge to tape them to
• tape
• 2 large bolts or nuts or washers of equal size and weight
• 4 pieces of thread of equal lengths
• plastic grocery bag
• balloon
• sheet of paper
• sturdy book

Student Handouts

Student Reading: Four Forces of Aeronautics
Student Worksheet: Four Forces
Experiment: What a Drag! Procedure Card
Experiment: The Force of Thrust Procedure Card
Experiment: A Little Lift Procedure Card
Quick Quiz: Four Forces of Aeronautics
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This section will explore the basics of how airplanes fly.  This reading covers the principles
which define aeronautics and discusses how they interact to enable flight.

The Four Forces

A force is defined most simply as a push or a pull.  There are two components to a force:
magnitude (or the amount of force applied) and direction.  Thus we say that “a force of
a certain magnitude is applied in a particular direction”.

There are four primary forces that act on an airplane in flight:  thrust, weight, drag and
lift.   It is the interplay between these four forces that result in an airplane’s motion.
After explaining what the four forces are, a simple model of flight will be presented that
will be used throughout Exploring Aeronautics.

All objects in the universe exert an attractive force on each other that is called gravity.
The magnitude of this force is dependent on the mass of the object.  In our day-to-day
lives this attractive force is recognizable only for objects with enormous mass, such as
the Earth.  Weight is the word we use to define the attractive force specifically between
the Earth and all the billions of objects that are within its influence. Included in a list of
these objects would be people, airplanes, helicopters - even the moon!

The Earth’s gravity weakens as objects move farther away from it.  Thus we say that
objects that are far from the Earth “weigh less” than when they are on the Earth.  For
objects “on” and “close” to the Earth (we will assume that airplanes fly at altitudes
“close” to the Earth) the weight of an object can be considered constant.

In order for an airplane to fly, a force in the upward direction must be generated that is
stronger than the weight force.  That force is called lift. The lift force is generated by air
flowing over an object.  The direction of the lift force will always be perpendicular to the
direction that the air is flowing.  As an airplane is flying, air is flowing over its wing, from
the front (or leading edge) to the back (or trailing edge).  This generates a lift force
perpendicular to the direction of the airflow, that is, in most cases, “up”.

It is easy to understand that the shape of the wing will have a direct influence on “how”
the air flows from front to back.  “How” the air flows will have a direct influence on how
much lift the wing can generate.  An object that is shaped to generate maximum lift is
called an “airfoil”.

Teacher Reading

Four Forces of  Aeronautics
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When an airplane is sitting on the ground, there is not enough air flowing around it to
create lift.  Another force is needed to get the airplane moving through the air, so that
the airflow can do its job of creating lift.  This force is called thrust.  Thrust propels an
object in a particular direction.  The arm of a baseball pitcher generates thrust and
applies it to a baseball (that is, throws it) towards a batter.  Likewise, a jet engine generates
thrust and, because it is attached to the wing of an airplane, its thrust will be applied to
the airplane.  So, as the engines thrust the airplane in the direction that they are pointed,
air flows over and under the wings which creates the lift force.  If enough lift is generated,
the airplane will fly.

The fourth primary force is drag - and the drag force does a great job of living up to its
name.  Drag is the force that resists any object trying to move through a fluid. The drag
on an airplane is the result of, among other things, the energy needed to move the air
out of the way of the airplane.  Obviously drag is hard at work when a massive object,
like an airplane, tries to fly through a fluid like air.  Any motion or movement by the
airplane will always be resisted by a drag force.  The direction of the drag force is opposite
to the direction of flight.  The thrust force is aligned to counter the drag force.

Reducing drag is one of the main concerns of aeronautical engineers when designing
aircraft.  Drag can stress different parts of an aircraft which can lead to structural failure
during certain maneuvers. Further, reduction of drag has a “domino” effect on other
important aspects of flight. The less drag an aircraft has, the faster an aircraft can go, or
the less power is needed from the engine.  Less powerful engines are generally lighter
(that is, have less weight) and need less fuel (that is, cost less to fly).  A lighter aircraft
means that less lift is needed to fly and the airplane can be more maneuverable.  If less lift
is needed, a smaller wing is required which decreases weight and drag.  All of this, taken
together, reduces the cost of building and flying the airplane.

A Simple Model of Flight

Obviously, a discussion of just these four forces can get complicated very fast!  For the
5th through 8th grade level, we will use a simplified model of the four forces.  The
difference between this simplified model and more complicated ones, is that this model
does not take into account all the myriad of directions that an airplane can fly.  For
example, airplanes can climb, descend, turn and roll.  Our model will make the assumption
that the airplane is flying “straight and level”.  That is, the thrust of the engines is propelling
the airplane “forward”.  Drag is resisting the thrust motion and trying to pull the airplane
“back”.  Lift is “lifting” the airplane “up” into the sky.  Weight is trying to pull the airplane
“down” toward the ground.
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In this simplified model we say that thrust and drag are “opposing” forces (they work
against each other) and lift and weight are “opposing” forces.  Further, in this simplified
model, we say that if lift is greater than weight and thrust is greater than drag, an airplane
will fly.  Obviously “greater than” covers a wide range from “just a little bit” to “a whole
lot”.  Simple qualitative relationships can be derived from “how much greater than”.  For
instance, an airplane whose lift is much greater than its weight can probably fly higher
more easily than an airplane whose lift is only a little greater than its weight.  Likewise, an
airplane whose thrust is much greater than its drag can probably fly faster more easily
than one whose thrust is only a little greater.

The Four Forces in Balance

Let us look more closely at the interplay between the four forces.  Recall that in our
model, the four forces work in pairs:  lift versus weight and thrust versus drag.

When forces are in balance, that is their magnitudes are the same and their directions
are opposite, the speed and direction of the object will not change.  Imagine an airplane,
flying along at it’s cruising speed and its cruising altitude.  The wings are creating enough
lift to counteract the weight of the aircraft and keep it at its cruising altitude.  The
engines are creating enough thrust to counteract the drag of the aircraft and keep it at
it’s cruising speed.

Now, say that the lift force is increased (exactly how that force is increased will be
discussed later).  Now there is an imbalance between the lift force and the weight force
and the airplane will rise.  Conversely if the lift force is decreased, or the weight of the
aircraft is decreased (it’s using up fuel, for instance) the lift force and the weight force will
not be balanced and the airplane will descend.

In the same way, if the thrust force is increased, an imbalance is created, and the airplane
will increase its speed in the direction the thrust is directed.  Similarly, if the thrust is
decreased, or the drag increased (say the flaps on the wings are extended), the airplane’s
speed will decrease.

Thus, the task of a pilot is to manage the balance between these four forces - we call this
flying!
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LIFT

WEIGHT

THRUST DRAG

Lift and Weight must be balanced
to maintain the same altitude

Thrust and Drag must be balanced
to maintain the same speed.

The Four Forces in Balance
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THRUST

LIFT

THRUST

LIFT

Lift occurs always at a 90° angle
    from the direction of thrust

AIRFLOW

AIRFLOW

The Angle of Lift

In our simple model, lift occurs at a 90° angle
from the direction of thrust
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Student Reading
Four Forces of Aeronautics

What is a force?

Can you think of examples of force?  If you push a door closed, your push is a force.  If
you pull a drawer open, your pull is a force.  A force actually has two parts.  One part is
the strength of the force.  When you pushed the door closed, did you push it gently or
did you slam it?  How hard you pushed is the strength (or magnitude) of the force.

The other part is the direction of the force.  Say that you pulled on a rope.  Did you pull
it to the right, or to the left?  Did you pull it up or down?  Where you pulled is the
direction of the force.

So, when we talk about forces we must talk about both their magnitude and their direction.

Forces in Aeronautics

In aeronautics, four important forces have been defined.  These forces are called lift,
weight, drag and thrust.  All of the four forces work in a specific direction.  Their
magnitude can range from very weak to very strong.

All of these four forces are hard at work when an airplane is flying.  Sometimes they
work in opposite directions from each other, but they all work together when the
airplane flies.

Weight

Weight is a force that you probably already know about.  When you step on a scale, you
are checking to see what your weight is.  Well, an airplane has weight too - just like every
other object that exists around the Earth.

LIFT

WEIGHT

THRUST DRAG

Four Aeronautical Forces
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All objects, whether big or small, exert a gravity force on every other object.  As you are
sitting in your chair, you are exerting a gravity force on the person next to you - even if
you aren’t touching them!

If an object is very, very large it can exert a lot of force on objects around it.  One
example of a very, very large object is the Earth.  We know that the Earth exerts a gravity
force on us - we call it weight!  The Earth’s gravity force pulls on all objects that are
within it’s reach.  And, the gravity force has a very long reach!  The moon can feel the
gravity force of the Earth.

When you weigh yourself, you are actually measuring the force of Earth’s gravity on your
body.  Remember that there are two parts to a force:  magnitude and direction.  The
direction of your weight force is toward the Earth.  The magnitude of your weight force
is how heavy you are.

Airplanes have a weight force too.  Even as they fly many feet above the Earth, their
weight force is pulling them toward the Earth.  Since they are so heavy (certainly a lot
heavier than you are), the magnitude of their weight force is very large.

Lift

You are probably also familiar with the lift force.  You lift books off of a desk.  When a
strong wind blows, pieces of paper and other light objects are lifted off the ground.
When that piece of paper lifts off the ground that means that the lift force is so strong
that it is stronger than the weight force of the paper.  If the weight force were stronger
the piece of paper wouldn’t lift off the ground.

The lift force works the same way on an airplane.  If an airplane can create enough lift, so
that the lift force is stronger than the airplane’s weight, then the airplane can fly.  Since
the weight force of an airplane is so large that means that a lot of lift has to be created.

The lift force is generated by the air flowing over the wings of the airplane.  You can
imagine that the air flow must be really strong to make the lift force strong enough to

Weight
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get an airplane off the ground.

As the air flows over the wing, the lift force is created in an interesting direction.  Can
you guess what that direction is?  Most of the time the direction is “up”.  But it really is
at a 90 degree angle to the airflow.  Most of the time the airflow is going over the wing
from front to back.  So, the direction of lift is up into the sky.

Thrust

In order for the lift force to be created, air has to be flowing over the wings.  Now, how
do we make air flow over the wings?  The answer is that we don’t make the air itself flow
over the wings, but we make the wings go through the air.  As the wing goes through the
air, the air flows over and under the wing - this creates lift.

Somehow, we have to get the airplane moving.  This is done with the engines.  Engines are
mounted on the wings or on the fuselage.  They propel the airplane down the runway
and forward through the air.

The force that is created by the engines is called the thrust force.  The direction of the
thrust force is based on where the engines are pointing.  Since the engines are mounted
facing forward, the direction of thrust is towards the front of the airplane.

A very strong engine can create lots of thrust while smaller engines will create less
thrust.  So, the magnitude of the thrust force is determined by the size and power of the
engines.

THRUST

LIFT

Lift occurs at a 90° angle
from the direction of thrust

AIRFLOW

THRUST

LIFT

AIRFLOW

The Angle of Lift

Thrust
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Drag

As the airplane is thrust through the air, it must push aside all those air molecules that
are in its way.  As a wing goes through the air, the air separates and some of the molecules
go above the wing and some go below.  The same thing happens with the rest of the
airplane.  The air molecules must separate so the airplane can get through.

Air molecules resist this separation and this resistance is called drag.  So, drag tries to
hold the airplane back.  The thrust force must be stronger than this resistance.

Also, it is best for the air flowing around the airplane to stay smooth, like a stream gently
flowing around a rock.  More drag force can be created if the airflow does not stay
smooth.

Four Forces in Balance

As you’ve read above, the four forces work in pairs.  The lift force pulls the airplane up
while the weight force tries to pull it down.  The thrust force tries to propel the airplane
forward while the drag force tries to hold the airplane back.  We say that these forces
work in opposition to each other.  This means that they are working in opposite directions.
Like in a tug of war, the airplane goes in the direction of whichever force is strongest.

In order to fly, the lift force on an airplane must be stronger than the weight force and
the thrust force must be stronger than the drag force.  All the four forces and all the
parts of the airplane work together to enable the airplane to fly!

Drag

LIFT

WEIGHT

Lift and Weight must be balanced to maintain level flight

THRUST DRAG

The Four Forces in Balance

Thrust and Drag must be balanced

to maintain the same speed. Lift and Weight must be balanced to maintain the same altitude.
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Student Note Taking Guide
Four Forces of Aeronautics

Big Ideas Important Little Details

force a push or a pull
has two parts:  magnitude (strength) and direction

forces in lift, weight, drag, thrust
aeronautics all forces work together to make the airplane fly

sometimes they work in opposite directions

weight everything has weight
all objects exert a gravity force on each other
large objects exert a large force
the Earth exerts a force on everything around it, called gravity
weight is measuring the force of gravity
direction of the weight force is toward the Earth
magnitude of the weight force depends on how big the object is

lift force generated by air flowing over the wings
has to be strong to overcome weight
direction of the lift force is 90 degrees to the direction of the air flow

thrust created by the engines
engines propel the airplane so air flows over the wings to create lift
direction of thrust is in the direction the engines are pointing
magnitude of the thrust force depends on the size and power of the

engines

drag drag is the resistance caused by air molecules
air molecules separate as they go around the airplane
if the air flow isn’t smooth it will cause more drag
drag holds an airplane back

four forces in forces work in pairs
balance pairs work in opposite directions

lift and weight are a pair
thrust and drag are a pair
to fly, the lift force must be stronger than the weight force and the
thrust force must be stronger than the drag force
all forces work together when airplanes fly
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Student Worksheet
Four Forces of  Aeronautics

Directions: Use the Student Reading on the four forces to help you answer the
questions below.

1. Give the definition of a force.

2. A force has two parts, what are they?

3. Match the name of the force to its description below and write the number in the
blank next to the name.

1. drag 2. lift 3. thrust 4. weight

_____  A) the measure of the pull of the Earth on an object

_____  B) propels an airplane in the direction the engines are pointed

_____  C) force that acts at a 90 degree angle to the airflow

_____  D) a force that gives resistance

4. Name the force that’s opposite to the force given.

weight - _________________

thrust - _________________

5. In order to fly, which two forces must be the strongest?  Circle your answers.

drag lift thrust weight
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Student Worksheet – Key
Four Forces of  Aeronautics

Directions: Use the Student Reading on the four forces to help you answer the
questions below.

1. Give the definition of a force.

a push or a pull

2. A force has two parts, what are they?

magnitude (or strength) and direction

3. Match the name of the force to its description below and write the number in the
blank next to the name.

1. drag 2. lift 3. thrust 4. weight

_____  A) the measure of the pull of the Earth on an object

_____  B) propels an airplane in the direction the engines are pointed

_____  C) force that acts at a 90 degree angle to the airflow

_____  D) a force that gives resistance

4. Name the force that’s opposite to the force given.

weight - __lift____________

thrust - __drag___________

5. In order to fly, which two forces must be the strongest?  Circle your answers.

drag lift thrust weight

4

3

2

1
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Experiment:  What a Drag!

Procedure Card

Materials

15 centimeters x 15 centimeters square piece of plastic grocery bag
four pieces of thread, 12 centimeters in length
one metal ring or weight

Experiment Set Up

Tie a piece of thread to each corner of the plastic grocery bag square.

Tie the remaining ends of each thread together onto the metal ring/weight.

Experiment Procedure

1. Hold the metal ring/weight at a height of about three meters and let it go.

2. Observe and record.

3. Hold the plastic piece at its center with the weight hanging down.

4. Hold it at a height of about three meters and let it go.

5. Observe and record.
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Experiment Log – Key
Page 1

Experiment:  What a Drag!

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

What does drag do to a moving object?
OR
How does drag act on moving object?
OR
How does drag slow things down?

I think the weight will not fall to the ground as fast with the cloth
attached to it because the cloth will be like a parachute and
catch the air underneath it, slowing it down.
OR
I think the weight will slow down a little because the cloth will
catch the air.

Materials:
Square piece of plastic grocery bag • thread • metal ring/weight

Procedure:
1. Drop metal weight from 3 meters above ground.

2. Observe and record.

3. Assemble cloth and thread and attach to weight.

4. Drop weight from 3 meters above ground.

5. Observe and record.
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Experiment Log – Key
Page 2

Experiment:  What a Drag!

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

The first time the weight went straight down fast.

The second time, the plastic piece spread out and caught air
under it.  This slowed down the fall of the weight. It floated a lot
slower to the ground.

I was right.  The plastic piece acted just like a parachute.  As the
weight fell, it opened up and caught more air molecules
underneath it.  This made a force that slowed the plastic piece
and the weight down.
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Experiment:  The Force of Thrust

Procedure Card

Materials

elongated balloon
tape
soda straw
three meters of fishing line, secured at one end

Experiment Set Up

Secure one end of the fishing line to a wall or sturdy table leg, etc.

Tape the straw length-wise to the elongated balloon.

Inflate the balloon, but do not tie it off.  Pinch the mouth closed.

Thread the unsecured end of the fishing line through the straw so that the mouth
of the balloon is not pointed toward the secured end.

Experiment Procedure

1. Pull the fishing line tight and release the mouth of the balloon.

2. Observe and record.
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Experiment Log – Key
Page 1

Experiment:  The Force of  Thrust

          Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

How does thrust move an object?
OR
In what direction does thrust move an object?
OR
How does thrust work?

I think thrust will push the object forward along the line as the
air comes out the back end.
OR
As the air inside comes out the opening of the balloon, it will
push against the air outside and move the balloon forward. I
think the balloon will move faster at first and then slow down as
the air runs out.

Materials:  Soda straw • balloon (elongated)

Procedure:

1. Gather and prepare materials.

2. Inflate balloon, hold mouth closed and place on a
string.

3. Pull string tightly and let balloon go.

4. Observe and record.
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Experiment Log – Key
Page 2

Experiment:  The Force of  Thrust

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

The balloon moved fast at first and then slowed down as the
balloon ran out of air.

The air came out the back end of the balloon which pushed
the balloon in the opposite direction.

These results mean that Newton’s Third Law of Motion (which
we talked about earlier) explains how thrust works. The air comes
out in one direction and pushes the balloon in the opposite
direction. This must be how rockets work. My hypothesis was
right because I had seen this done before. I do wonder why the
air comes out of the balloon — I’m not squeezing the balloon. I
wonder if it has something to do with air pressure.
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Experiment:  A Little Lift

Procedure Card

Materials

book
piece of standard size notebook paper

Experiment Set Up

Gather the materials.

Experiment Procedure

1. Stand the book upright.

2. Place one end of the piece of paper about 7 to 8 centimeters into the middle of the
book so that it bends over and away from you.

3. Gently and steadily blow across the surface of the curved paper.

4. Observe and record.
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Experiment Log – Key
Page 1

Experiment:  A Little Lift

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

How does a wing get lift?

OR

Can flowing air create lift?

Air flowing over the paper will cause the paper to bend lower
(or raise higher) because the air will push down (lift up).

Materials:
sheet of standard size textbook paper • book

Procedure:

1. Stand book upright.

2. Stick paper vertically into the book about 7 - 8
centimeters in and let it bend over.

3. Gently and steadily blow across the top of the
curved surface of the paper.

4. Observe and record.
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Experiment Log – Key
Page 2

Experiment:  A Little Lift

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

The lowered end of the paper rose a little.

As the flowing air went over the top of the curved paper, it
created a low pressure area above the paper. So the paper rose
up into that low pressure area. It was pushed there because the
high pressure area underneath pushed the paper into the low
pressure area above the paper.

before after



Part I - Section 2

EG-2003-07-001-ARC

172

Exploring Aeronautics:The Science of Flight

Content - T

Additional Student Activities

• Create a concept map that names, describes and depicts the four forces in action.  See
the next page for an example.

• Create a series of comic panel drawings that show how the four forces interact
differently during the three stages of flight: take-off, cruise and landing.

• With a small group, safely demonstrate how the four forces interact on an airplane
using physical movements.

• Investigate how the four forces interact with a helicopter, hang glider or sailplane.

• Create a learning center that teaches about helicopters and the four forces.
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Concept Map
The Four Forces

The Four Forces

Lift Weight

Thrust Drag

Tell what makes
it happen

Define

Describe the
motion

Tell what makes
it happen

Define

Tell what makes
it happen

Define

Tell what makes
it happen

Define

Describe the
motion

Describe the
motion

Describe the
motion
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Writing Experiences

• Using interactive software, create a display about the four forces.  It can be a text-
based piece or, you can use graphics and music to convey the information.

• Write a song (perhaps a ballad) or a poem (perhaps a rap) that describes, depicts and
teaches about the four forces that affect flight.

Critical Thinking Questions

• Explain the importance of Newton writing down his law of gravity and his law of
motion.

• Explain what would happen to an airplane if gravity was not overcome by lift during
takeoff (e.g. the airplane weighed too much).

• While an airplane was landing, explain what would happen if the thrust were greater
than the drag.

• Explain how the four forces are cooperating when an airplane is flying straight and
level, at a constant speed.
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Quick Quiz

Four Forces of Aeronautics

Directions:   Circle the letter of the answer that best answers the question.

1. What is thrust?

A. the measure of the pull of the Earth on an object
B. a force that propels an airplane
C. a force that acts at a 90 degree angle to the airflow
D. a force that gives resistance

2. What is a force?

A. a push only
B. a pull only
C. a push and a pull
D. none of the above

3. What is lift?

A. a force that acts at a 90 degree angle to the airflow
B. a force that propels an airplane
C. the measure of the pull of the Earth on an object
D. a force that gives resistance

4. In  order to fly, which two forces must be strongest?

A. drag and weight
B. lift and thrust
C. drag and thrust
D. lift and weight

5. What is drag?

A. the measure of the pull of the Earth on an object
B. a force that propels an airplane
C. a force that acts at a 90 degree angle to the airflow
D. a force that gives resistance
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Quick Quiz - Key

Four Forces of Aeronautics

Directions:   Circle the letter of the answer that best answers the question.

1. What is thrust?

A. the measure of the pull of the Earth on an object
B. a force that propels an airplane
C. a force that acts at a 90 degree angle to the airflow
D. a force that gives resistance

2. What is a force?

A. a push only
B. a pull only
C. a push and a pull
D. none of the above

3. What is lift?

A. a force that acts at a 90 degree angle to the airflow
B. a force that propels an airplane
C. the measure of the pull of the Earth on an object
D. a force that gives resistance

4. In  order to fly, which two forces must be strongest?

A. drag and weight
B. lift and thrust
C. drag and thrust
D. lift and weight

5. What is drag?

A. the measure of the pull of the Earth on an object
B. a force that propels an airplane
C. a force that acts at a 90 degree angle to the airflow
D. a force that gives resistance



Part I - Section 2

EG-2003-07-001-ARC

177

Exploring Aeronautics:The Science of Flight

Content - T

Section Overview

Wings

The important discoveries of Newton’s Laws and Bernoulli’s Principle are covered along
with the concept that air has stuff in it. The various shapes found in wing design are
discussed as well as how wings generate lift. The basic parts of the airplane are shown.

CD-ROM Usage

Using the “How an Airplane Flies” section again (go to the plane on the runway), use the
subsections Wing Shape and Parts. These can be used simply to demonstrate and display
the various wing designs as well as the parts of the airplane. Students use the Student
Logbook Sections “Wing Shape” and “Parts” to review the concepts presented in the
reading.

Materials List

• 1 straw cut in half
• lightweight index card or heavy weight sheet of paper (5” x 7”)
• 2 ping-pong balls
• tape
• two pieces of thread of equal length (approximately 25 cm)
• ring stand or table edge to which to tape the thread
• 2 strips of paper 25 cm x 5 cm
• full size pencil

Student Handouts

Student Readings: Part I and Part 2
Student Note Taking Guide: Part I and Part 2
Student Worksheets: Part I and Part 2
Experiment: Faster Moving Air = Lower Air Pressure I Procedure Card
Experiment: Faster Moving Air = Lower Air Pressure 2 Procedure Card
Experiment: Lift and an Airfoil Procedure Card
Quick Quiz: Wings
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Teacher Reading

The Work of Wings

The Ancient Chinese discovered that kites with curved surfaces flew better than kites
with flat surfaces.  Lilienthal and Cayley, in the 1800s, demonstrated that a curved surface
produces more lift than a flat surface.  This led to the conclusion that a wing needs to
have camber.  That is, the top needs to be slightly curved, like a hump.  The bottom is left
flat or straight.  An object with this shape is called an airfoil.  Often, the words “wing”
and “airfoil” are used interchangeably, but they shouldn’t be.  Airfoil shapes are designed
to generate as much lift as possible while incurring as little drag as possible.

Camber causes the air that flows over the top of the airfoil to move faster than the air
that flows beneath it.  In the 1700s, Daniel Bernoulli (see below for more information on
Bernoulli) showed that a fluid that flows faster over a surface will create less pressure on
the surface than fluid that flows more slowly.  This concept later became known as
Bernoulli’s Principle.  Further, since air is a fluid, air follows Bernoulli’s Principle.  Thus, we
have a situation where there is less air pressure on the top of an airfoil than on the
bottom.  This difference in pressure will cause the wing to move.  That is, the difference
in pressure will generate a force.  As you can probably guess from our discussion above,
the force that is generated is called “lift”.

By virtue of its shape alone, an airfoil will generate lift as air flows over it.  However, even
more lift can be generated by the airfoil if it is tilted with respect to the airflow.  This tilt
is called an airfoil’s angle of attack.  As the wing is tilted, the air flowing over the top of
the wing flows even faster than the air flowing underneath.  As the difference in the
speed of the two airflows increases, the difference in pressure increases also.  Remember
that it is this difference in pressure that generates the lift force.  So, as its angle of attack
increases, the wing generates more lift.

Think of an airplane taking off - remember, airplanes always take off heading into the
wind.  As the airplane speeds down the runway, it is already starting to get “lighter”.  That
is, the airplane is feeling the effect of the lift generated by the shape of the airfoil.  Further
down the runway, the pilot pulls the nose up.  This increases the angle of attack of the
wings which causes more lift to be generated.  The airplane then flies merrily off to it’s
destination.
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However, there can be too much of a good thing!  The airfoil’s ability to create lift is
dependent on the airflow remaining smooth.  Think of a stream flowing gently around a
rock.  The stream changes direction to go around/over the rock, but it remains smooth
- it doesn’t get jumbled or choppy - and it hugs the rock as it flows around it.  Now, if that
rock were a larger rock, the water would hit it, get all jumbled up and then eventually
move on.  The flow around that rock would not be smooth.  Well, the same thing happens
with a wing.  Up to a certain angle of attack the air will flow smoothly.  The wing acts like
a small rock.  If the angle of attack becomes too great, an effect similar to throwing a big
rock in a stream is created.  The air will get all jumbled up and not flow smoothly around
the airfoil.  If this happens, lift will not be generated.  We say the wing “loses its lift” or
“stalls”.

Stalls can be caused by real-life flying situations.  If the engines quit, or a sudden gust of
wind hits, the airplane’s forward speed drops, the airflow over the wing decreases and
the amount of lift drops. The weight force then takes over and a potentially hazardous
situation results.  Fortunately, pilots spend many hours learning how to recover from a
stall.  Flight simulators are used extensively to train pilots how to recognize an oncoming
stall and prevent it, and if one should occur, how to maneuver the airplane so the generation
of lift is restored.

Another cause of an airplane stalling is wing icing.  When ice builds up on a wing, it
changes the shape of the airfoil to a shape that stalls more easily.  What’s worse, the ice
also adds weight, so this can be a dangerous situation. Obviously the solution to this
problem is getting rid of the ice - which airlines spend many hours doing during the
winter months.

In the Tools of Aeronautics section of the CD-ROM Exploring Aeronautics, students
can learn about research that is being done in wind tunnels to allow airplanes to increase
their angle of attack without losing lift.

Wing Design

The amount of lift produced by an airfoil depends upon many factors:
• angle of attack
• the lift devices used (like flaps)
• the density of the air
• the area of the wing
• the shape of the wing
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• the speed at which the wing is traveling
The shape of a wing greatly influences the performance of an airplane.  The speed of an
airplane, its maneuverability, its handling qualities, all are very dependent on the shape of
the wings.  There are four basic wing shapes that are used on modern airplanes:  straight,
sweep (forward and back), delta and swing-wing.

The straight wing is found mostly on small, low-speed airplanes.  General Aviation airplanes
often have straight wings.  These wings provide good lift at low speeds, but are not suited
to high speeds.  Since the wing is perpendicular to the airflow it has a tendency to create
appreciable drag.  However, the straight wing provides good, stable flight. It is cheaper
and can be made lighter, too.

The sweepback wing is the wing of choice for most highspeed airplanes made today.
Swept wings create less drag, but are somewhat more unstable at low speeds.  The highly
swept wing delays the formation of shock waves on the airplane as it nears the speed of
sound. How “swept” the wing is depends on the purpose of the airplane.  A commercial
airliner has a moderate sweep.  This results in less drag but a maintenance of stability at
lower speeds.  High speed airplanes (like fighters) have high sweep.   These airplanes are
not very stable at low speeds.  They take off quickly and descend to land quickly.

The forward-sweep wing is a wing design that has yet to make it into mass production.
An airplane (like the X-29) is highly maneuverable, but it is also highly unstable.  A computer-
based control system must be used in the X-29 to help the pilot fly.

A delta wing looks like a large triangle from above.  It is very highly swept with a straight
trailing edge.  Because of this high sweep, airplanes with this wing can reach high speeds
- many supersonic airplanes have delta wings.  Because of the high sweep, the landing
speeds of airplanes with delta wings are fairly fast.  This wing shape is found on the
supersonic transport Concorde.

The swing-wing design attempts to exploit the high lift characteristics of a primarily
straight wing with the ability of the sweepback wing to enable high speeds.  During
landing and takeoff, the wing swings into an almost straight position.  During cruise, the
wing swings into a sweepback position.  There is a price to pay with this design, however,
and that is weight.  The hinges that enable the wings to swing are very heavy.

High Lift Devices

When an airplane lands and takes off, it is desirable to fly as slowly as possible.  Ideally, for
landing, an airplane would have a large wing with a very cambered airfoil.  However,
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airfoils designed to perform well at slow speeds are not good at flying at greater speeds,
and vice versa.  Airplane designers have developed a set of features that allow the pilot to
increase the wing area and change the airfoil shape to compensate for this.

The trailing edge of the wing is equipped with flaps which move backward and downward.
These are not to be confused with ailerons, which are also located on the trailing edge
of the wing, but have an entirely different purpose.  The flaps increase the area of the
wing, and the camber of the airfoil.  With this increase in area, the airflow has further to
travel which spreads the pressure difference between the top and bottom of the wing
over a larger area.  An equation for the lift force is

lift = pressure x area

Given this equation, if the area increases,
the lift increases also.

Slats are located on the leading edge of
the wings.  They slide forward and also have
the effect of increasing the area of the wing,
and camber of the airfoil.

Flaps and slats are used during takeoff and landing.  They enable the airplane to get off the
ground more quickly and to land more slowly.  Some airplanes have such large flaps and
slats that the wing looks like it’s coming apart when they are fully extended!

Spoilers are devices that are located on top of the wings.  Spoilers have the opposite
effect from flaps and slats.  They destroy lift by disrupting the airflow over the top of the
wing.  Spoilers are deployed after the airplane has landed and lift is no longer needed.
They also substantially increase the drag which helps the airplane to slow down sooner.

Some more information about Bernoulli ...

Daniel Bernoulli was a Swiss mathematician.  He was born on February 8, 1700, in
Gröningen, Netherlands.  As a university student he studied philosophy and logic, excelling
at mathematics and mechanics.  After graduation, he worked with his brother Nikolaus
at the St. Petersburg Academy of Sciences in Russia, doing research in mathematics.
Next, he became a professor at the University of Basel in Switzerland, from 1733 until
his death.  He is best known for his work in the field of fluid dynamics.  In 1738, he
published the book Hydrodynamica, long considered the definitive work in fluid dynamics.
In this book he presented theories about how gases move and how the speed at which
they move influences their pressure on the surfaces they move over. This work helped to
lay the foundation for aeronautics many years later - specifically, helping to define and
describe lift.  He died on March 17, 1782, in Switzerland.

Spoiler

Flaps

Slat
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The inflated balloon
has compressed air 
pressing equally against
all the sides.

The air rushes out the
open hole at the bottom.
The action is that the air
is pushed out in one
direction.  The reaction is
that the balloon flies in the
other direction.

Newton’s Third Law

“For every action there is an equal and opposite reaction.”

Overhead Guides
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Bernoulli’s Principle

Bernoulli developed the principle that the speed of a fluid (like air) is directly related
to the pressure the fluid is exerting on the surface it is flowing by.  The faster the flow
of a fluid, the lower the pressure that is exerted on the surface it is flowing by.

Daniel Bernoulli

     SLOWER MOVING AIR�

HIGH AIR PRESSURE AREA

       FASTER MOVING AIR�

LOW  AIR PRESSURE AREA� � � �

      SLOWER MOVING AIR�

HIGH AIR PRESSURE AREA
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LIFT

H

L

AIRFLOW IS FASTER OVER THE TOP OF THE WING
             THUS THE  LOWER AIR PRESSURE

AIRFLOW IS SLOWER UNDERNEATH THE WING THEREFORE
              THE AIR PRESSURE IS GREATER/HIGHER

How an Airfoil Works

Airflow is faster over the top of the wing, thus lowering the air pressure exerted on
the top surface of the wing.  Airflow is slower underneath the wing, therefore the air
pressure exerted on the bottom surface of the wing is greater.
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Four Basic Wing Designs

1.  Straight

Rectangular straight wing

Tapered straight wing

Rounded or elliptical straight wing

2.  Sweep

Slight sweepback wing

Moderate sweepback wing

Great sweepback wing

Forward sweep wing
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3.  Delta
Simple delta wing

Complex delta wing

Four Basic Wing Designs

4.  Swing

Example of swing or variable wing

67
°

58
°

45
°

25
°
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Student Readings
Wings - Part 1

Air is made of “Stuff”

To fly, you must pass through the air and although we cannot see the air, it is made up of
millions of little molecules that push against our bodies.  These particles of air take up
space or “have volume”.  They are made up of matter so they have “mass”, too.  They also
have “weight”.  Air can exert a tremendous amount of pressure and force.  As you rise
higher in elevation, say as you take drive up into the mountains, you can feel that your
ears need to “pop.” The air pressure on the outside of your eardrum becomes lower as
you gain altitude.  You are feeling the higher air pressure inside your inner ear pressing
against your eardrum.

You can feel the air pushing against you when the wind blows,
too.  When you move through a room, you push against the
air.  You change where the air is located and what the air is
doing.  Knowing that air is not empty space, but actually
made of “stuff”, led to some important discoveries.

Important Discoveries

In the late 1700s, Sir Isaac Newton wondered about the forces that move people and
objects around on Earth.  He experimented and recorded what he found.  His writings
are now known as “Newton’s Laws”.  His “Third Law” states that “for every action there
is an equal and opposite reaction.”  For example, when you are swimming and you want
to move forward in the water, you move your arms so that you push the water backwards.
By pushing the water backwards (the action), you thrust your body forward (the reaction).

Newton also described the principles of gravity.  He correctly hypothesized that all
objects in the universe exert an attractive force on each other that is related to their
mass - the greater the mass, the greater the attraction.  We measure the attraction
between the Earth and other objects, called gravity, by weight.  Weight is measured in
pounds or newtons (That’s right, named after Sir Isaac Newton!).
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You probably know how many pounds you weigh.  To get off of the ground, objects need
to pull upward with more force than the Earth is using to pull them down.  That requires
a lot of lift.

Around 1783 Daniel Bernoulli, a Swiss mathematician, discovered that if you increase
how fast the air is flowing over a surface, the air pressure on that surface decreases.  This
is the same principle that allows the liquid to rise through a straw when you blow across
the top opening of the straw while it is standing in a glass of liquid.  The faster air blowing
across the straw opening decreases the air pressure in the straw.  The water then flows
up the straw.  Scientists used this principle to design the shape of a wing.

Borrowing from Nature

Many early adventurers tried to copy the motion of birds rather than study exactly how
the birds flew.  Many created “flying machines” that used a flapping motion.  These machines
failed to fly.  Their inventors did not understand that it was the shape of a bird’s wing and
the slight changes in how the wing is held during flight that create lift.  The flapping
motion only created the thrust needed to move the bird forward.  Merely copying the
actions of birds did not keep these early flyers up in the air for very long.

Even after they understood the concept of lift, they still needed to understand how flight
could be controlled.  Later on, as research continued, scientists and engineers borrowed
shapes from the birds when designing a plane.  They copied a bird’s basic body shape
(fuselage), its flat tail (tail assembly or empennage), its wings and its feet (undercarriage).
Using Bernoulli’s Principle they figured out how to create lift.  Using Newton’s Third Law,
they developed ways to make thrust.  When they put all of this together they were able
to fly!

Cockpit

Tail Section

Fuselage

Propeller / Engine
Wing

Landing Gear

Diagram of an Airplane
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Student Readings
Wings - Part 2

The Work of Wings

Have you noticed the curved shape of a bird’s wing? An airplane’s wing is curved also.  A
wing is designed for flight.  It has a special shape called an airfoil shape.  Airfoil shapes can
be found on wings, fans and propellers.
The airfoil shape provides a lifting
(aerodynamic) force when air flows
around it.  An airfoil has a thicker
leading edge (or front end) and a very
thin trailing edge (or back end).  In
between the leading and trailing edges,
an airfoil is curved both on the top and the bottom surfaces.  However, in general, the
top surface is much more curved than the bottom.  When a surface is curved we say that
it “has camber” or “is cambered”.

An airfoil takes advantage of Bernoulli’s Principle.  Since the top surface of the wing has
more camber than the bottom surface, the air flows faster over the top of the wing and
thus the air exerts less pressure on the top surface than on the bottom.  So, when air is
flowing over the wing, the air pressure on the top surface is less than the air pressure on
the bottom surface - and the wing “lifts”.

LOWER CAMBER

UPPER CAMBER CHORD LINE

TRAILING EDGELEADING EDGE

LIFT

H

L

AIRFLOW IS FASTER OVER THE TOP OF THE WING
             THUS THE  LOWER AIR PRESSURE

AIRFLOW IS SLOWER UNDERNEATH THE WING THEREFORE
              THE AIR PRESSURE IS GREATER/HIGHER



Part I - Section 2

EG-2003-07-001-ARC

191

Exploring Aeronautics:The Science of Flight

Content - OT

Student Note Taking Guides
Part 1

Big Ideas Important Little Details

air made up of molecules
has volume (takes up space)
has mass (made up of matter)
has weight
exerts pressure and force
when you move through air you push the molecules around

discoveries Sir Isaac Newton, 1700s
for every action there is an equal and opposite reaction
Third Law of Motion
gravity = a pull that the Earth has on an object
every object has weight
weight measures gravity’s pull
to rise off the ground you have to exert more force than the force of
gravity
thrust = the force that moves an object forward

discoveries Daniel Bernoulli, 1783
increase the speed of air flowing over a surface the air pressure on

the surface decreases
air pressure = the amount of force the air uses to push on a surface
airfoils = the shape wings, fans or propeller blades specially designed

to give lift

borrowing ideas for plane design came from birds
from Nature from bird - body = fuselage

flat tail = tail assembly or empennage
wings = wings (shape)
feet  = undercarriage
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Part 2

Big Ideas Important Little Details

wing shape designed for flight
special shape called airfoil

airfoil shape of wings and propellers
thicker leading edge with thinner trailing edge
curved surface is called camber
normally greater curve on top than on bottom
air moves faster over top so air pressure is less
air moves slower underneath so air pressure is greater
Bernoulli’s principle
when air flow gets fast enough plane rises (lift)
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Student Worksheets
Wings - Part 1

Directions: Use Student Readings Part 1 to match a term from below to its proper
description.  Place the letter in the blank.

A) pounds F) Third Law
B) Newton G) lift
C) weight H) bird
D) thrust I) molecules
E) Bernoulli J) gravity

______  1. air is made up of these

______  2. every action has an equal and opposite reaction

______  3. this mathematician observed that air flowing quickly over a surface will
exert less pressure on the surface than air moving more slowly over it

______  4. how the force of gravity is measured

______  5. the pull of the Earth on an object

______  6. force used to overcome gravity

______  7. wrote down his observations and developed the laws of motion

______  8. the idea for the body, tail and wings of an airplane came from this animal

______  9. weight is measured in these units

______  10. force that is generated by a jet engine
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Student Worksheets

Wings - Part 2

Directions: Use Student Readings Part 2 to match a term from below to its proper
description.  Place the letter in the blank.

A) leading edge
B) camber
C) trailing edge
D) wings
E) airfoil

______  1. these are designed for flight

______  2. the special shape of a wing

______  3. front end of an airfoil

______  4. thinner back end of an airfoil

______  5. the curvature of an airfoil

Directions:  Complete each sentence by filling in the blank.

6. Air traveling over the top of the wing moves ____________ than the air traveling
_______________ the wing.

7. The air pressure under the wing is _________________ than the air pressure above
the wing.

8. ____________________ Principle explains changes in air pressure on a surface by
changes in the speed of the air flow over the surface.

9. ____________________ are designed to create lift.
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Student Worksheets:  Wings - Keys

Part 1

1. I
2. F
3. E
4. C
5. J
6. G
7. B
8. H
9. A

10. D

Part 2

1. D
2. E
3. A
4. C
5. B
6. faster, under
7. greater
8. Bernoulli’s
9. Wings
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Experiment:  Faster Air = Lower Air Pressure 1

Procedure Card

Materials

12 centimeter x 18 centimeter notebook paper
soda straw
flat surface (tabletop)
ruler
tape

Experiment Set Up

Holding the paper long side horizontally, measure and mark off one centimeter at
each end.

Fold each end of the paper along those lines.

Using the folds as legs, stand the paper up on the flat surface and tape it in place.
Make sure the paper has only a slight slack to it.

Experiment Procedure

1. Use the straw to blow a steady stream of air underneath the standing paper.

2. Observe and record.

3. Use the straw to blow a steady stream of air above the standing paper.

4. Observe and record.
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Experiment Log – Key
Page 1

Experiment:  Faster Air = Lower Air Pressure 1

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

Does air pressure change or stay the same when it goes from
being still to flowing?
OR
When air changes from being still to flowing, does the air pressure
change?

I think that when the air starts to move it will have no effect on
the air pressure as nature will try to keep the pressure even.
OR
I think the air pressure will be greater (or lesser) where the air is
flowing and less (greater) when still.

Materials:
12 centimeter x 18 centimeter paper • soda straw • flat surface

(tabletop) • tape
Procedure:
1. Fold two opposite end of the paper in 1 centimeter each.

Have both folds going the same way (perpendicular) to the
tabletop.

2. Set the paper with the folds as “legs” perpendicular to the
tabletop and tape to tabletop.

3. Using the soda straw, blow a strong and steady stream of air
underneath the paper. (See diagram)

4. Observe and record.
5. Repeat step 3, but blow over the

top of the card.
6. Observe and record.
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1. When I blew under the paper, the paper bowed
downward.

2. When I blew across the top of the paper, it
bowed upward, but it was slight.

The air pressure really does change. There is a big difference in
pressure between flowing air and still air.   Where the air is moving
the pressure is not as great.   The greater pressure on the other
(opposite) side of the paper pushes on the paper.

Experiment Log – Key
Page 2

Experiment:  Faster Air = Lower Air Pressure 1

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)
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Experiment:  Faster Air = Lower Air Pressure 2

Procedure Card

Materials

two ping-pong balls
tape
thread
soda straw
hanging apparatus (table, overhang on a counter)
ruler

Experiment Set Up

Cut two pieces of thread about 25 centimeters long each.

Tape one end of the thread to a ping-pong ball and attach the other end of the
thread to the hanging apparatus.

Repeat this with the other ping-pong ball, one to two centimeters away from the
first ping-pong ball.

Experiment Procedure

1. Hold the end of the straw about five centimeters away and perpendicular to the
space between the ping-pong balls.

2. Without making contact with the ping-pong balls, blow steadily through the straw.

3. Observe and record.
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Experiment Log – Key
Page 1

Experiment:  Faster Air = Lower Air Pressure 2

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

When air changes from being still and becoming a flowing
current, does the air pressure change?

OR

Does flowing air cause a change in air pressure?

I think the ping-pong balls will move farther apart because the
moving air will exert more pressure between them and push
them away from each other.
OR
I think the ping-pong balls will move closer together because
flowing air has less pressure than still air, so the balls will move
into that low pressure area.

Materials:
2 ping-pong balls • a ring stand or tabletop • thread • straw
• tape • ruler
Procedure:
1. Gather materials.
2. Cut 2 pieces of thread at identical lengths.
3. Tape one end of the thread to a ball and the other to the

stand so that it hangs freely.
4. Repeat step 3, but hang the ball so that it hangs freely not

more than 2 centimeters apart from the other ball at the
same distance.

5. Take the straw and without touching the balls, blow a steady
stream of air in between them.

6. Observe and record.
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Experiment Log – Key
Page 2

Experiment:  Faster Air = Lower Air Pressure 2

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

As I blew air through the straw and in between the ping pong
balls, they moved (leaned) closer together. At one point, they
nearly touched.

My results mean that moving air exerts less pressure than still
air. So, still air has greater pressure and pushes more or exerts
more pressure against the ping pong balls. The lower air pressure
between the balls might have pulled the balls closer together
too.

before after
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Experiment:  Lift and an Airfoil

Procedure Card

Materials

2 strips of notebook paper 25 x 5 centimeters

pencil

tape

Experiment Set Up

Tape the two ends of one piece of paper together so that it forms a circle loop.

Tape the two ends of the second piece of paper together so it forms a teardrop
loop.

Make sure the tape connects the ends together smoothly.

Experiment Procedure

1.    Place a pencil through the circle-looped piece of paper.

2. Hold the pencil in front of your mouth horizontally with one hand and use the other
hand to extend the circle-looped piece of paper, taped end away from your mouth.

3. Blow gently across the top of the looped paper, releasing it as you begin to exhale.

4. Observe and record.

5. Repeat steps 1 through 4, but this time use the teardrop looped piece of paper.
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Experiment Log – Key
Page 1

Experiment:  Lift and an Airfoil

          Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

Which shape will generate (create) the greater amount of lift-
a circle shape or a teardrop shape?

I think the circle shape will have more lift because the camber
is greater.

OR

I think the teardrop shape will have more lift because it allows
for better airflow.

Materials:
pencil • 2 strips of paper 25 x 5 centimeters  • tape

Procedure:
1. Gather and assemble materials.
2. Place a pencil through the circle-looped piece of paper.
3. Hold the pencil in one hand and use the other hand to extend

the circle-looped piece of paper taped end away from you.
4. Blow gently across the top of the circle-looped paper, releasing

it as you begin to exhale.
5. Observe and record.
6. Repeat steps 2 through 5, but this time use the teardrop

loop.
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Experiment Log – Key
Page 2

Experiment:  Lift and an Airfoil

         Steps         Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

The circle loop spun in a circle, but did not rise much.

The teardrop loop’s back end rose a little and did not spin
around after I let it go.

The teardrop shape was very stable when it was blown upon.
The rear edge  (trailing edge) rose a little when I blew across the
top.  The airflow seemed to be smoother around this shape than
the circle loop (which spun around).  I wonder if I made this
teardrop shape out of molded plastic with a flatter bottom if it
would rise higher?

first try second try
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Additional Student Activities

1. Research the four basic wing types (sweep, straight, delta and swing).  Then create a
mobile, bulletin board, set of trading cards or three dimensional presentation.

2. Create a concept map that names, describes, depicts and explains the design and
effectiveness of the four basic wing types: sweep (forward- and back-), straight, delta
and swing.

3. Give students background information on Picasso and show some reproductions of
his work as examples. Display a photograph of an airplane and have students create
a Picasso-style drawing that uses only geometric shapes to depict the look and feel
of the airplane.

4. Create a multimedia presentation that demonstrates how wings generate lift.

5. Create a flip-book that demonstrates how a wing generates lift.

Writing Experiences

1. Develop a song (perhaps a ballad) or a rhyme (perhaps a rap) that tells about the
different types of wings or how wings create lift.

2. Create a set of note cards that describes how a wing generates lift.

3. Pretend you are a wing.  Describe the sensation of generating lift as the airplane rolls
down the runway and picks up speed to take off.



Part I - Section 2

EG-2003-07-001-ARC

206

Exploring Aeronautics:The Science of Flight

Content - T

Critical Thinking Questions

1. In your own words, explain how Bernoulli’s Principle applies to airflow and air pressure.

2. Explain the importance of Bernoulli’s Principle to wings.

3. Why do you think that the wings found on the Wright Flyer from 1903 look different
from the wings found on a modern 747?

4. Use a comparison chart to compare the wings on two different airplanes from two
different time periods.

5. Research the role of wind tunnels in the development of wings.



Part I - Section 2

EG-2003-07-001-ARC

207

Exploring Aeronautics:The Science of Flight

Content - S

Quick Quiz

Wings

Directions:   Circle the letter of the answer that best answers the question.

1. Air is made up of what?

A. pounds
B. molecules
C. newtons
D. gravity

2. Which scientist below said that every action has an equal and opposite reaction?

A. Bernoulli
B. Wright
C. Ashby
D. Newton

3. What is the special shape of a wing called?

A. leading edge
B. camber
C. airfoil
D. trailing edge

4. Which scientist below made observations about water that also helped explain
airflow?

A. Bernoulli
B. Wright
C. Ashby
D. Newton

5. Which force below is used to overcome gravity?

A. weight
B. lift
C. thrust
D. drag
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Quick Quiz - Key

 Wings

Directions:   Circle the letter of the answer that best answers the question.

1. Air is made up of what?

A. pounds
B. molecules
C. newtons
D. gravity

2. Which scientist below said that every action has an equal and opposite reaction?

A. Bernoulli
B. Wright
C. Ashby
D. Newton

3. What is the special shape of a wing called?

A. leading edge
B. camber
C. airfoil
D. trailing edge

4. Which scientist below made observations about water that also helped explain
airflow?

A. Bernoulli
B. Wright
C. Ashby
D. Newton

5. Which force below is used to overcome gravity?

A. weight
B. lift
C. thrust
D. drag
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Section Overview

Airplane Control

This content section reviews the parts of an airplane and discusses the control surfaces
(aileron, elevator and rudder) and motions of an airplane (roll, pitch and yaw).

CD-ROM Usage

Using the runway section of the CD-ROM once again (“How an Airplane Flies”) the
teacher can demonstrate how the control surfaces operate and move the airplane as
well as demonstrating how the airplane moves. Students can then review the concepts
after the reading, using the Student Logbook pages 12 - 20.

Materials List

• 3 sheets of paper per student (allow for mistakes)

Student Handouts

Student Reading: Airplane Control

Student Note Taking Guide: Airplane Control

Student Worksheets: Airplane Parts and Motions

Student Project: Make Your Own Glider

Experiment Data Sheet #1

  Control Experiment #1: Procedure Card

Experiment Data Sheet #2

  Control Experiment #2: Procedure Card

Experiment Data Sheet #3

  Control Experiment #3: Procedure Card

Quick Quiz: Airplane Control
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Teacher Readings
Parts of an Airplane and Their Functions

The modern aircraft has five basic structural components: fuselage, wings, empennage
(tail structures), power plant (propulsion system) and the undercarriage.

The main body structure is the fuselage to which all other components are attached.
The fuselage contains the cockpit or flight deck, passenger compartment and cargo
compartment.  While wings produce most of the lift, the fuselage also produces a little
lift .  A bulky fuselage can also produce a lot of drag.  For this reason, a fuselage is
streamlined to decrease the drag.  We usually think of a streamlined car as being sleek
and compact - it does not present a bulky obstacle to the oncoming wind.  A streamlined
fuselage has the same attributes.  It has a sharp or rounded nose and sleek, tapered body
so that the air can flow smoothly around it.

The wings are the most important lift-producing part of the aircraft.  Wings vary in
design depending upon the aircraft type and its purpose.  Most airplanes are designed so
that the outer tips of the wings are higher than where the wings are attached to the
fuselage.  This upward angle is called the dihedral and helps keep the plane from rolling.
Wings also carry the fuel for the airplane.  Wings are covered in much more detail in the
Wings Section.

The empennage or tail assembly provides stability and control for the aircraft. The
empennage is composed of two main parts: the vertical stabilizer (fin) to which the
rudder is attached; and the horizontal stabilizer to which the elevators are attached.
These stabilizers of the airplane help to keep the airplane pointed into the wind.  When
the tail end of the airplane tries to swing to either side, the wind pushes against the tail
surfaces, returning it to its proper place.   The rudder and elevators allow the pilot to
control the yaw and pitch motion of the airplane, respectively.

The undercarriage or landing gear consists of struts, wheels and brakes.  The landing
gear can be fixed in place or retractable.  Many small airplanes have fixed landing gear
which increases drag, but keeps the airplane lightweight.  Larger, faster and more complex
aircraft have retractable landing gear that can accommodate the increased weight.  The
advantage to retractable landing gear is that the drag is greatly reduced when the gear is
retracted.  When flying on a commercial airliner you will notice that the pilot retracts
the landing gear very soon after the airplane leaves the ground.  This helps to decrease
drag as the airplane ascends.

Airplane Control
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The power plant is simply the propulsion system and consists of the engines.  The
sole purpose of the engines is to provide thrust for the airplane.  There are many different
types of aircraft engines including: piston, turboprop, turbojet and turbofan.  Turbojet and
turbofan are jet engines.  Some aircraft, notably gliders, do not have an engine.  To take off
they must have another source of thrust - that is, the tow-plane which pulls them into
the air.

Piston Engines and Propellers

Within a piston engine, the pistons can be arranged in four ways:  radial, in-line, oppositional
and “V”.  The radial engine has the pistons arranged in a circle with the spinning shaft in
the middle.  These engines were once the most widely used aircraft engine.  They never
found much favor outside of aviation and are not used in modern aviation.

The pistons on an in-line engine are lined up one behind the other along the length of
the shaft that turns the propeller.  These have been used in many applications including
cars.  They are not used a great deal in aircraft, as they tend to be long and heavy.  Aircraft
engines must be as lightweight and compact as possible.

The oppositional piston engine is much like the in-line, except that the pistons are mounted
in pairs on opposite sides of the shaft.  This makes for a much shorter and lighter engine
and in-line engines have become very popular in the small airplane market.

The “V” engine is much like the oppositional engine, except that the pistons are not
parallel to each other.  Instead they are slanted in a “V” arrangement.  The  V8 engine is
perhaps the most well know engine as it has been used to power millions of automobiles.
The  V8 is rarely used in airplanes as they tend to be heavier than the oppositional
engines.

Piston engines drive a spinning shaft.  The propeller is attached to that shaft.  At least two
(but usually three or four) blades make up the propeller. The more blades, the more air
that can be moved by the propeller.  A blade has an airfoil shape which generates lift as
the blade slices through the air. Because the propeller is pointed forward the force
generated is in a forward direction - that is, it thrusts the airplane forward.

Jet Propulsion and Jet Engines

Jet propulsion is similar to the release of an inflated balloon.  The pressure inside the
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balloon is pushing in all directions. It is also “jetting” out from the mouth of the balloon.
The end of the balloon opposite to the mouth is not open. This creates an imbalance and
causes the balloon to move in the direction away from the open mouth.  Jet engines
work in a similar fashion.

There are several types of jet engine: ramjet, pulsejet, turbojet, turbofan. The last two are
the most widely used.

The ramjet is as simple a jet engine as can be found.  Air enters the inlet and is compressed.
This raises the pressure of the air.  As the air arrives at the combustion chamber, fuel is
added and an electric spark is generated.  This causes a controlled explosion that raises
the temperature and the pressure of the air tremendously.  The hot, high-pressure air
“jets” out the nozzle of the engine providing the forward thrust.  This seems so simple,
why would anyone want a more complex engine? The weakness of this engine is that the
air coming in the inlet must be traveling at a very high speed (supersonic) for good
efficiency.  A ramjet does not work well at low speeds.  This is simply not practical for
most flying situations.

The pulse jet solves the problem of requiring supersonic speeds.  It works well at a
lower speed, and with a little help, can get started when it is standing still.  It is much like
the ramjet, except that it has doors that close the inlet.  When the doors are open, the
air flows in and is compressed.  The doors then close, forming a chamber in which the
fuel is ignited.  The hot, high-pressure gas then “jets” out the exhaust nozzle.  The cycle of
air in, doors closed, air out, then repeat, is where this engine gets its name.  Pulse jets are
not widely used for two reasons.  They are very noisy, and they are very inefficient.  They
are the gas guzzlers of the aviation world.

The turbojet was the first really
useful jet engine to be built. The
air flows into the engine through
the inlet. The design of the inlet
makes the air slow down and also
raises the pressure.  The air then
goes through the compressor
where sets of blades compress
the air even more, greatly raising
the pressure.  The air then enters the combustion chamber where the fuel is added and
ignited.  The very hot, high-pressure air rushes past the turbine blades making them spin
very fast.  The turbine blades are connected back to the compressor blades by a shaft.
The turbine blades take some of the energy from the air and returns it to the compressor.
The hot, high pressure air that gets past the turbine, “jets” out the exhaust nozzle thrusting
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the engine forward.

To increase the thrust available, a device called an afterburner is sometimes built into the
engine.  Fuel is dumped into the hot exhaust gas exiting the nozzle causing another
controlled explosion.  This makes the air even hotter which adds more energy to it,
thereby increasing the thrust.  This is not an efficient thing to do however, and is only
done for brief periods when extra thrust is needed.  For instance, on takeoff or when a
burst of speed is needed during a dog fight, or when an extra push is needed to reach
supersonic speed.  You may have seen movies with high performance jets, like the F-14.  If
you watch one of these jets from the back, and the pilot turns on the afterburners you
will hear a burst of noise and see an orange glow around the outlet of the engines.  The
airplane will then shoot up into the sky.

The turbofan is a refinement to the turbojet that results in a more efficient engine.  A
large set of fan blades is set right in the front of the inlet.  The fan works much like a
propeller, thrusting the engine forward, pushing a large amount of air backwards.  As the
air is pushed back by the fan some of it goes into the engine and some bypasses the
engine. The engine that sits behind the fan is basically a turbojet.  The air that goes into
this engine receives the same treatment as air that goes through the turbojet.  The
turbine in a turbofan drives the fan as well as the compressor.  The air that “jets” out the
back of this engine has less thrust than air that exits a turbojet, but that decrease in
thrust is made up for by the thrust generated by the fan.  A turbofan engine actually is
more efficient than a turbojet and is quieter as well.  Afterburners can be fitted to a
turbofan if required.

The turboprop engine is essentially a turbofan engine where the fan is replaced by a
propeller.  The propeller is placed outside of the inlet.  A gearbox is introduced which
controls the spinning of the shaft, enabling speed control for the propeller. This is the
most efficient means of propulsion, however it is limited in forward speed.  Because the
propeller is out in the free stream air, not mounted in the inlet (where the air speed is
reduced) the propeller has to rotate at faster speeds.  The speed of the propeller
approaches the speed of sound a lot more quickly than the airplane itself.  As the speed
approaches the speed of sound, drag greatly increases. So the speed of the airplane must
be maintained well below the speed of sound to prevent the tips of the propeller from
going too fast.

If you want to fly at moderate speeds efficiently, then turboprops are a good choice.  If
you want to fly fast, but subsonically, then turbofans are a good choice.  If you want to fly
supersonically then a turbofan with afterburner is a good idea.  If you want to fly slowly
and only have a small budget, or a small airplane, then a piston engine is a good choice.
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Teacher Readings
The Use of Coordinate Axes in Aeronautics

For purposes of basic understanding and student discussion, all references to motion
and direction will be made using an imaginary three-dimensional coordinate system.
This coordinate system will help to describe the motions of an aircraft in three-dimensional
space.  The center of the coordinate system is found at the centroid of the aircraft -
roughly between the wings in the middle of the fuselage.  A centroid is an imaginary point
around which all rotation takes place.  The three axes intersect at the centroid at right
(90 degree) angles to each other.  The longitudinal axis runs the length of the aircraft
from the nose through the tail.  The lateral axis runs across the wings from tip to tip.  The
vertical axis runs from the top (ceiling) of the airplane to the bottom (floor).  These axes
extend indefinitely from the center of the aircraft (see figure).  Movement along or
around one axis does not necessarily involve any movement on or around the other
two.

Moving on Three Axes

Pitch

Yaw

Roll

Longitudinal

Vertical Lateral

Once in flight, an airplane can have six motions
along and around the three axes.  Mathematically
speaking, all possible movements that an airplane
can make can be defined in terms of these six
directions.  This is the basis of the mathematical
modeling of airplanes and flight (see Section 2.5
Tools of Aeronautics).  Three of the movements
are linear:  front and back along the longitudinal
axis; side to side along the lateral axis; up and
down along the vertical axis.  The other three
movements are rotational:  movement around
the longitudinal axis, called roll; movement around the lateral axis, called pitch; movement
around the vertical axis, called yaw.  The best way to understand these motions is by
making a three-dimensional coordinate axis system out of straws, skewers or some
other sticks.  Label the axes of your system and then use your hands to describe motions
along and around the axes.

An interesting exercise is to make a comparison between the movements an airplane
can make with the movements a car can make.  Of the linear motions, a car can obviously
move along the longitudinal axis.  It can not move laterally, (except on ice) but it can
rotate (yaw).  Cars cannot move up and down vertically on their own.  Of the rotational
motions, a car is limited to only one, yaw.  A car will pitch slightly when the brakes are
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applied or the gas is stepped on.  A car will not roll - or at least it’s not supposed to!  So,
under normal driving conditions a car has only two motions:  forward/back and yaw.

An airplane, in contrast, can roll, pitch and yaw through the use of its control surfaces.  It
can move forward and backward by using its engines.  However,  unlike a car, it can move
side to side or up and down by using the three rotational motions.  We use stabilizers to
keep the airplane flying primarily longitudinally.  This is why mathematical modeling, much
less a simple description of airplane movement, can get very complex.

Stability

Stability is the ability of a plane to return, of its own accord, to its original attitude in
flight after it has been disturbed by some outside force, like wind gusts.  It also refers to
an airplane's respnse to the pilot's use of the controls.

The empennage plays an important role in the stability of an airplane - much like the tail
feathers of an arrow are critical to the stability of the arrow.  If an arrow is shot without
its tail feathers, it will wobble. The tail feathers keep the arrow stable and help it to stay
on course.  The empennage works the same way.  The vertical fin helps to maintain
stability in the direction of yaw.  The horizontal stabilizer helps to maintain stability in the
directions of pitch and roll.  The empennage structures do produce drag, however.
Researchers have developed ways to fly tail-less airplanes, but the airplanes must use
computer-based control systems to maintain their stability.  While the empennage
structures of different airplanes can be very dissimilar, most modern airplanes still do
have some form of fin and horizontal stabilizer.

An important component of stability for an airplane is the center of gravity (cg).  The cg
is an imaginary point about which the weight of an airplane balances.  If you put a ruler
across your finger and place it so it balances, your finger is at the cg of the ruler.  The cg
in an airplane does not stay in the same place at all times.  The loading of heavy cargo
onto an airplane will shift the cg as will the drainage of fuel from the tanks during flight.
Pilots  have to recognize shifts in the cg and respond accordingly.  Sudden shifts in the cg
can be catastrophic.  Say, if an airplane experiences turbulence during flight and a large
cargo load shifts, the pilot may have trouble reacting quickly enough to the shift to
maintain stability of the airplane.

Imagine putting a small weight on the back of an arrow.  Because the cg of the arrow has
shifted, it will wobble and become unstable.  An easy way to demonstrate this is to build
and fly a paper airplane or a balsa-wood glider.  After this nominal flight, put a small
weight (such as a paper clip) on the back of the airplane and fly it again.  It is not the
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Controlling Motion

An airplane has three control surfaces:  ailerons, elevators and a rudder.  Within the
cockpit, two controls “control” the control surfaces.  The control stick controls the
ailerons and elevators.  The rudder pedals control the rudders.

The table below explains the control flow from pilot to control to control surface to the
motion.

control in cockpit control surface motion

control stick (right and left) ailerons roll

control stick (front and back) elevators pitch

rudder pedals rudder yaw

The ailerons are flap-like structures on the trailing edge of the wings -one on each side.
When the pilot moves the control stick to the right, the right airleron will tilt up and the
left aileron will tilt down.  This will cause the airplane to roll to the right.  When the pilot
moves the control stick to the left, the left aileron tilts up, the right aileron tilts down and
the airplane rolls to the left.  This happens because as the aileron tilts downward (effectively
increasing camber) more lift is
created and the wing rises.  As
it tilts upward, less lift will be
created and the wing will fall.
If the wing on one side of the
airplane rises and the other
falls, the airplane will roll
towards the side of the
decrease in lift.

The elevators are also flap-like structures that are mounted on each side of the horizontal
stabilizer.  When the pilot pushes the control stick forward, the elevators tilt downward.
This causes the tail of the airplane to rise and the fuselage to tilt down - this is called
pitching down.  When the pilot pulls the control stick back, the elevators tilt upward, the
tail goes down and the fuselage pitches nose-up.  When the elevator tilts downward
more lift is created (like the ailerons) and the tail rises.  When the elevator tilts upward,
less lift is created and the tail falls.

 Elevators

    Rudder

 Ailerons

weight of the paperclip that effects the stability of the airplane, it is the shift in the cg
caused by adding more weight to the back end.
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pushes the control stick forward, the elevators tilt downward.  This causes the tail of the
airplane to rise and the fuselage to tilt down - this is called pitching down.  When the
pilot pulls the control stick back, the elevators tilt upward, the tail goes down and the
fuselage pitches nose-up.  When the elevator tilts downward more lift is created (like the
ailerons) and the tail rises.  When the elevator tilts upward, less lift is created and the tail
falls.

The rudder is located on the fin.  The two rudder pedals are located at the pilot’s feet.
When the pilot pushes on the right rudder pedal, the rudder tilts to the right and the
airplane yaws nose-right.  When the pilot pushes on the left rudder pedal, the rudder
tilts to the left and the airplane yaws nose-left.  Again this is due to lift.  However, the
direction of this lift force is different than the lift force that causes the airplane to rise.
When the rudder tilts to the right, more lift is created on the right, which “lifts” or
pushes the vertical stabilizer to the left.  This, in turn, causes the airplane to yaw nose-
right.  The opposite motion occurs when the rudder tilts to the left.

In trying to figure out all of this tilting right and left, remember that if a flap tilts so that
it obstructs the airflow, then the airflow is going to push hard on that flap.  An imbalance
will be created between the side where the flap is obstructing the airflow and the side
where it isn’t.  This will cause the airplane to swing away from the side where the flap is
extended.  That is why when a pilot pushes the right rudder pedal, the rudder tilts to the
right - the air will push harder on the right side of the tail causing it to swing right, which
will cause the nose to swing right.  The best way to understand these complicated
interaction is to make or acquire a model of an airplane with control surfaces.  Move the
control surfaces up and down and right and left and see what happens when you fly the
airplane!

Maneuverability

There is often a trade-off between stability and maneuverability.  An airplane that is
highly maneuverable and can do amazing things in the air is probably not very stable.
Sometimes we refer to an automobile as having "tight" steering.  That means that the car
responds readily to movements of the steering wheel.  There is no slack or lag.  On the
other hand, it also means that the automobile responds quickly and decisively, but does
not over-respond.  It does precisely what the driver tells it to do through the
steering wheel - no more no less.  An airplane works the same way.  "Tight" stability
means the airplane responds precisely to the pilots' controls. The X-29 is a good ex-
ample of this.  The X-29, with its forward-swept wing, is amazingly maneuverable.  It can
move like no other aircraft.  However, the X-29 is also very unstable.  A computer based
control system is required to help the pilot keep the airplane under control. The control
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system operates all the control surfaces based on a combination of what the pilot tells it
to do and whats its sensors say the airplane is doing.  It makes minute and extremely
rapid changes in the control surface positions to maintain the stability of the airplane.  A
human cannot perceive, absorb and react to this much information in the infinitesimally
short time required - computer help is needed.
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Axes Around Which an Airplane Moves

Pitch

Yaw

Roll

Longitudinal

Vertical Lateral
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Pitch – Motion and Control Surface

Pilot pulls back
on control stick

Nose pitches up

Elevators tilt up
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Yaw – Motion and Control Surface

Pushes pilot
right rudder pedal

Airplane yaws right

Rudder tilt
to the right

Lift Force
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Roll – Motion and Control Surface

Airplane rolls
to the right

aileron on right
wing tilts up

Pilot moves the
control stick right

Aileron on left
wing tilts down

lift
reduced

lift
increased
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Control Surfaces

 Elevators

    Rudder

 Ailerons
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Student Reading
Airplane Control

Parts of an Airplane

The modern airplane has five basic parts.  They are the fuselage, wings, empennage
(tail structure), engine and the undercarriage.

The main body of an airplane is the fuselage.   All the other parts of the airplane are
connected to the fuselage.  The fuselage contains the cockpit or flight deck, passenger
compartment and cargo area.

The wings are a very important part
of the airplane because they create lift.
Wings come in different shapes
depending on the type of airplane.
Airfoil is the name of the shape of the
wings’ cross-section.  This shape is
designed to give the greatest amount
of lift and the least amount of drag.

The empennage or tail structure gives stability to the airplane.  The empennage has
two main parts: the vertical stabilizer (fin); and the horizontal stabilizer.

The engine is system that propels the airplane.  There are many different types of
engines.  Common types of engines are piston engines, turboprops, turbojets and turbofans.
On airplanes with propellers, the engine causes the propeller to turn.

The undercarriage or landing gear includes struts, wheels and brakes. The primary
function of the undercarriage is to help land the plane on the ground or on water.  The
landing gear can be fixed or retractable.  Many small, single-engine propeller planes have
fixed landing gear, which means they stay extended during the entire flight.  This increases
drag.

Larger airplanes have retractable landing gear.  The landing gear is tucked up into the
fuselage after takeoff.  It is extended again before landing.

Cockpit

Tail Section

FuselageWings

Engines

Landing
Gear



Part I - Section 2

EG-2003-07-001-ARC

226

Exploring Aeronautics:The Science of Flight

Content - S

How an Airplane Moves

Even though it looks like an airplane moves in many different directions, it really only
moves in six ways.  It is a combination of all of these six motions that enable an airplane
to be flown wherever the pilot wants it to go.

Draw a picture in your mind of an airplane.  Imagine that there are three long lines that
all cross in the exact middle of the airplane - right between the wings.  One line extends
from the nose of the airplane through the tail of the airplane - right down the middle!
This imaginary line is called the longitudinal axis.  Another line extends from wing-tip
to wing-tip - also right through the middle of the airplane.  This imaginary line is called
the lateral axis.  The third line extends from the roof of the fuselage to the floor.  And,
just like the other lines it goes right through the center of the airplane.  This imaginary
line is called the vertical axis.

Three of the six motions of an airplane are
straight along these three axes.  These are
called linear motions - note that the word
“linear” includes the word “line”!  One linear
motion is back and forth along the longitudinal
axis.  Can you draw a picture in your mind of
an airplane moving back and forth along its
longitudinal axis?

Another linear motion is side to side along the lateral axis.  Again, picture in your mind
an airplane moving side to side along it’s lateral axis.

The third linear motion is up and down along the vertical axis.  Now, try to move the
airplane in your mind along all three axes.  You can make the airplane move in a lot of
directions, just along those three axes!

Two of the linear motions are controlled, in part by the balance between the four forces.
The up and down motion is controlled by a balance between lift and weight.  The back
and forth motion is controlled by a balance between thrust and drag.

The other three of the six motions of an airplane are around the three axes.  These are
called rotational motions - because the plane “rotates” around the axes.  The rotational
motion around the longitudinal axis is called roll.  In your mind, roll your airplane over
so its wing is pointing up.  Can you roll the airplane over onto its back?

Pitch

Yaw

Roll

Longitudinal

Vertical Lateral
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Another rotational motion is around the lateral axis.  This motion is called pitch.  Think
of the nose of the airplane moving up and down as the airplane pitches.  Can you pitch
the nose of your imaginary airplane until it is pointing straight up?  How about straight
down?

The third rotational motion is around the vertical axis.  This motion is called yaw.  Think
of the nose of the airplane moving right and left as the airplane yaws.  Think about yawing
your imaginary plane all the way to the right.  Then yaw your airplane all the way to the
left.  Can you yaw your airplane so it is pointing backwards?

Imagine your airplane moving forward and backward, right and left, up and down, and
rolling, pitching and yawing.  It is easy to see that any motion an airplane can make is a
combination of these six motions!

Controlling the Motions

The three rotational motions (pitch, roll and yaw) are directly controlled by control
surfaces located on different parts of the airplane.  There are three basic types of
control surfaces: elevators, ailerons, and rudder.  The elevators are located on the horizontal
stabilizer.  The ailerons are located on the wings, one on each wing.  The rudder is located
on the fin.  Each control a different motion
and when used together maneuver an
airplane according to the pilot’s commands.

To pitch the airplane’s nose up or down,
we need to take a look at the tail end of
the plane.  The horizontal stabilizer has a
set of movable surfaces on it called
elevators - one on each side of the fin.

Can you see this in your mind?  When the
elevators tilt downward imagine the airflow
pushing against them.  The pressure of the airflow
would push the tail up.  And, if the tail goes up,
then the nose must pitch down!

When the back edges of the elevators are tilted
upward, the airflow pushes the tail end of the plane
down.  When the tail goes down then the nose
must pitch up.

Pilot pulls back
on control stick

Nose pitches up

Elevators tilt up

 Elevators

    Rudder

 Ailerons
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The roll motion of the airplane is
controlled by the ailerons.  The ailerons
are located near the tips of the wings -
one on each side.  The two ailerons work
in opposite directions.  When one aileron
tilts up, the other tilts down.  This happens
automatically when the pilot moves the
control stick from left to right.

When the aileron on the right wing tilts up which way does the aileron on the left wing
tilt?  It tilts down!  Imagine the airflow pushing on both ailerons.  Because the right
aileron is tilted up, the airflow pushes down on the right wing.  Since the left aileron is
tilted down, the airflow pushes up on the left wing.  If the right wing goes down and the
left wing goes up, we say that the airplane is rolling to the right.

What causes an airplane to roll to the left?  If the left aileron is tilted up, then the airflow
will push the left wing down.  If the right aileron is tilted down, the airflow will push the
right wing up.  If the left wing goes down and the right wing goes up, we say that the
airplane is rolling to the left.

The yaw motion of the airplane is controlled by the rudder.  The rudder is located along
the back edge of the fin.  It works the same way that the elevators and ailerons do.  When
the rudder is tilted to the right, the airflow pushes the tail of the airplane to the left.  If
the tail of the airplane moves to the left, then the nose of the airplane must yaw to the
right.  We say that the airplane is yawing to the right.

When the rudder is tilted to the left, the airflow pushes the tail of the airplane to the
right.  If the tail of the airplane moves to the right, then the nose of the airplane must yaw
to the left.  We say that the airplane is yawing to the left.

Controlling the Control Surfaces

How does a pilot control the control surfaces?

The control stick is located in front of the pilot.  It controls two of the rotational
motions.

If the pilot moves the control stick to the right or to the left, this will activate the
ailerons and the airplane will roll to the right or to the left.

Airplane rolls
to the right

aileron on right
wing tilts up

Pilot moves the
control stick right

Aileron on left
wing tilts down

lift
reduced

lift
increased
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If the pilot moves the control stick forward or back, this will activate the elevators and
the airplane will pitch up or down.

Rudder pedals at the pilot’s feet
control the rudder.  Pushing on the
right rudder pedal will cause the
airplane’s nose to yaw to the right.
Pushing on the left rudder pedal will
cause the airplane’s nose to yaw to
the left.

Pushes pilot
right rudder pedal

Airplane yaws right

Rudder tilt
to the right

Lift Force
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Student Note Taking Guide
Airplane Control

Big Ideas Important Little Details

Parts of the Airplane

fuselage main body
all of the other parts are connected to it
has flight deck, passenger compartment and cargo area

wings give lift
are sometimes called airfoils because of their special

shape
the airfoil shape is designed to create the greatest lift

and the least drag
each wing has an aileron near the tip

empennage tail section with two parts
the rudder is mounted on the fin (vertical stabilizer)
the elevators are mounted on the horizontal stabilizer

engines provide propulsion
many types of engines
engine drives propeller

undercarriage landing gear
fixed or retractable
enables plane to land on ground or water
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Big Ideas Important Little Details

How an Airplane Moves

three axes imaginary lines that cross at the center of the airplane
longitudinal - from nose to tail
lateral - from wing-tip to wing-tip
vertical - from floor to ceiling of fuselage

six motions three linear - straight along axes
up and down along vertical
right and left along lateral
forward and back along longitudinal
three rotational - around axes
pitch - tilting nose up and down
roll - one wing-tip goes up, the other goes down
yaw - nose moves left and right

balance of forces controls two linear motions
up and down - balance between lift and weight
forward and back - balance between thrust and drag
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Student Worksheets
Airplane Parts and Motions

Directions: Match the part of the plane to its proper description.  Write the letter in
the blank.

A) empennage D) undercarriage
B) fuselage E) engines
C) wings

_____  1. located underneath the fuselage and sometimes can be retracted during flight

_____ 2. contains the flight deck, passenger and cargo areas

_____  3. the propulsion system

_____  4. the tail section

_____ 5. attached to the fuselage and give lift to the airplane

Directions:  Match the motion to its proper description.  Write the letter in the blank.

A) lateral  D) vertical
B) roll E) pitch
C) yaw F) longitudinal

_____  6. motion of the airplane as nose is raised and lowered

_____  7. forward

_____  8. motion of airplane as nose moves left and right

_____  9. airplane moves straight up or straight down

_____  10. airplane turns to the right or turns to the left

_____  11. one wing-tip moves up and the other moves down
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Student Worksheets
Airplane Parts and Motions – Key

Directions: Match the part of the plane to its proper description.  Write the letter in
the blank.

A) empennage D) undercarriage
B) fuselage E) engines
C) wings

__D__  1. located underneath the fuselage and sometimes can be retracted during
flight

__B__  2. contains the flight deck, passenger and cargo areas

__E__   3. the propulsion system

__A__   4. the tail section

__C__  5. attached to the fuselage and give lift to the airplane

Directions:   Match the motion to its proper description.  Write the letter in the blank.

A) lateral D) vertical
B) roll E) pitch
C) yaw F) longitudinal

__E__  6. motion of the airplane as nose is raised and lowered

__F__  7. forward

__C__  8. motion of airplane as nose moves left and right

__D__  9. airplane moves straight up or straight down

__A__  10. airplane turns to the right or turns to the left

__B__  11. one wing-tip moves up and the other moves down



Part I - Section 2

EG-2003-07-001-ARC

234

Exploring Aeronautics:The Science of Flight

Content - S

Student Worksheets
Airplane Control

Directions: Draw a picture that shows the motion named.  Write a short description
of the motion.

1. yaw

description of the motion:

2. pitch

description of the motion:

3. roll

description of the motion:
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4. On the diagram below, label each control surface and tell which rotational motion it
affects.

5. Name the pilot controls that control each control surface.

A) The ailerons are controlled by ____________________.

B) The rudder is controlled by ____________________.

C) The elevators are controlled by __________________.

Control Surface

Control Surface

Control Surface

Motion

Motion

Motion



Part I - Section 2

EG-2003-07-001-ARC

236

Exploring Aeronautics:The Science of Flight

Content - T

Student Worksheets
Airplane Control – Key

Directions: Draw a picture that shows the motion named.  Write a short description
of the motion.

1. yaw

description of the motion:  the nose moves to the left and right

2. pitch

description of the motion:  the nose moves up and down

3. roll

description of the motion:  one wing-tip goes up and the other goes down
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4. On the diagram below, label each control surface and tell which rotational motion it
affects.

5. Name the pilot controls that control each control surface.

A) The ailerons are controlled by __the control stick________.

B) The rudder is controlled by __the rudder pedals_________.

C) The elevators are controlled by _the control stick________.

Control Surface

Motion

Control Surface

Motion

Control Surface

Motion

Rudder

Yaw

Elevators

Pitch

Ailerons

Roll



Part I - Section 2

EG-2003-07-001-ARC

238

Exploring Aeronautics:The Science of Flight

Content - S

Student Project

Make Your Own Glider

Directions: Using the paper and glider pattern given to you by your teacher, follow
the procedure below to make your own glider.

Procedure

1.   Use the Glider Template page (next page) and cut out the Glider.

2. Fold a piece of sturdy card stock paper in half lengthwise.

3. Take the pattern of the glider and place it on the folded card stock so that the long
straight line is on the folded edge.

4. Trace the pattern onto the folded piece of paper.  Mark the dotted lines as shown on
the pattern.

5. Use scissors to carefully cut along the traced outline.  Be careful to hold the two
folded sides of the paper together while cutting.  Do not cut along the dotted lines!

You will use your glider to perform the experiments in this section.
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Main Fold

Additional
Fold

Additional
Fold

6. Bend the wings and the tail section where shown. Attach a lightweight paper clip to
the nose section.

8.    Tape together the two edges at the tail of the glider.

Side View of Tail Section

Tape

Fold Line
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9. Mark the wings and the tail section with dotted lines as shown in the diagram below.

Side View of Tail Section

Tape

Fold Line
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Experiment Data Sheet  #1

Control Experiment #1

Directions: Follow the steps from the procedure card for Control Experiment #1.  As
you test each control surface with your glider, complete this data sheet.

1. On the diagram shade the part of the plane you are testing.

2. Name the control surface you just shaded.

3. Tell what position you moved that control surface to
 (up, down, left, right, etc.).

4. Briefly describe the glider’s flight.

5. Draw the glider’s flight path.

6. Circle the type of motion that this control surface controls.

pitch yaw roll

7. Circle the axis around which this motion takes place.

longitudinal lateral vertical

8. Use this space for any other observations you might have.
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Control Experiment #1

Procedure Card

Materials

standard size sheet of plain white paper
scissors
paper airplane construction directions
tape
paper clip

Experiment Set Up

Follow the directions for constructing a paper airplane that your teacher gives
you.

Experiment Procedure

1. Make two cuts in the trailing edge of each wing (see diagram on next page).

2. This part of the plane is the aileron and controls movement around the longitudinal
axis.

3. Bend the left aileron up and bend the right aileron down.

4. Predict how the plane will fly.

5. Launch the plane by throwing it gently forward.

6. Observe and record.
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Top View

Left - Up Right - Down

2 cm 2 cm

1 cm 1 cm

Fold Fold

cut on
dotted lines

fold on solid
bold line
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Experiment Data Sheet – Key

Control Experiment #1

Directions: Follow the steps from the procedure cards for Control Experiments #1,
#2, and #3.  As you test each control surface with your glider, complete
this data sheet.

1. On the diagram shade the part of the plane you are testing.

2. Name the control surface you just shaded.

aileron

3. Tell what position you moved that control surface to
(up, down, left, right, etc.)

left aileron up, right aileron down
or

left aileron down, right aileron up

4. Briefly describe the glider’s flight.

the glider rolled left
or

the glider rolled right

5. Draw the glider’s flight path.

6. Circle the type of motion that this control surface controls.

pitch yaw roll

7. Circle the axis around which this motion takes place.

longitudinal lateral vertical

8. Use this space for any other observations you might have.
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Experiment Data Sheet #2

Control Experiment #2

Directions: Follow the steps from the procedure card for Control Experiment #2.  As
you test each control surface with your glider, complete this data sheet.

1. On the diagram shade the part of the plane you are testing.

2. Name the control surface you just shaded.

3. Tell what position you moved that control surface to
 (up, down, left, right, etc.).

4. Briefly describe the glider’s flight.

5. Draw the glider’s flight path.

6. Circle the type of motion that this control surface controls.

pitch yaw roll

7. Circle the axis around which this motion takes place.

longitudinal lateral vertical

8. Use this space for any other observations you might have.
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Control Experiment #2

Procedure Card

Materials

standard size sheet of plain white paper
scissors
paper airplane construction directions
tape
paper clip

Experiment Set Up

Follow the directions for constructing a paper airplane that your teacher gives
you.

Experiment Procedure

1. Make two cuts in the back of the horizontal stabilizer (see diagram on next page).

2. These are the elevators and they control movement around the lateral axis.

3. Bend both elevators up.

4. Predict how the glider will fly.

5. Launch the plane by throwing it gently forward.

6. Observe and record.

7. Bend both elevators down.

8. Repeat steps 5 and 6, launching the airplane at the same speed every time.
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Left Right

2 cm 2 cm

1/2 cm1/2 cm
Fold Fold

cut on
dotted lines

fold on solid
bold line

Top View
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Experiment Data Sheet – Key

Control Experiment #2

Directions: Follow the steps from the procedure cards for Control Experiments #1,
#2, and #3.  As you test each control surface with your glider, complete
this data sheet.

1. On the diagram shade the part of the plane you are testing.

2. Name the control surface you just shaded.

elevators

3. Tell what position you moved that control surface to
 (up, down, left, right, etc.)

both elevators bent up
         or

both elevators bent down

4. Briefly describe the glider’s flight.

the glider’s nose pitched up
         or

the glider’s nose pitched down

5. Draw the glider’s flight path.

6. Circle the type of motion that this control surface controls.

pitch yaw roll

7. Circle the axis around which this motion takes place.

longitudinal lateral vertical

8. Use this space for any other observations you might have.

ceiling

floor
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Experiment Data Sheet #3

Control Experiment #3

Directions: Follow the steps from the procedure card for Control Experiment #3.  As
you test each control surface with your glider, complete this data sheet.

1. On the diagram shade the part of the
plane you are testing.

2. Name the control surface you just shaded.

3. Tell what position you moved that control surface to
 (up, down, left, right, etc.).

4. Briefly describe the glider’s flight.

5. Draw the glider’s flight path.

6. Circle the type of motion that this control surface controls.

pitch yaw roll

7. Circle the axis around which this motion takes place.

longitudinal lateral vertical

8. Use this space for any other observations you might have.



Part I - Section 2

EG-2003-07-001-ARC

251

Exploring Aeronautics:The Science of Flight

Content - S

Control Experiment #3

Procedure Card

Materials

standard size sheet of plain white paper
scissors
paper airplane construction directions
tape
paper clip

Experiment Set Up

Follow the directions for constructing a paper airplane that your teacher gives
you.

Experiment Procedure

1. Make two cuts on the back of the fin (see diagram on next page).

2. This is the rudder and it controls movement around the vertical axis.

3. Bend the rudder to the left.

4. Predict how the plane will fly.

5. Launch the plane by throwing it
      gently forward.

6. Observe and record.

7. Bend the rudder to the right.

8. Repeat steps 5 and 6.

Side View of Tail Section

Tape

Fold Line
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Experiment Data Sheet – Key

Control Experiment #3

Directions: Follow the steps from the procedure cards for Control Experiments #1,
#2, and #3.  As you test each control surface with your glider, complete
this data sheet.

1. On the diagram shade the part of the
plane you are testing.

2. Name the control surface you just shaded.

rudder

3. Tell what position you moved that control surface to (up, down, left, right, etc.)

to the left
or

to the right

4. Briefly describe the glider’s flight.

the glider’s nose yawed left
or

the glider’s nose yawed right

5. Draw the glider’s flight path.

6. Circle the type of motion that this control surface controls.

pitch yaw roll

7. Circle the axis around which this motion takes place.

longitudinal lateral vertical

8. Use this space for any other observations you might have.

Left

Right
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Additional Student Activities

1. Create a dance or a series of movements that depict(s) the six motions of an airplane.

2. Using large cardboard boxes and pieces of cardboard, string, paint and tape to create
a “box model” of an airplane with control surfaces that are color-coated and labeled
and can be manipulated.  Include a key that not only identifies the control surfaces,
but also tells what motion each one controls.

3. Create a concept map that names, describes and depicts the motions and control
surfaces of an airplane.

4. Create a flip book that demonstrates each of the following motions: yaw, pitch and
roll.

S. Create a three dimensional airplane out of any material you choose and label the
parts and the control surfaces.

6. Create a paper glider with movable control surfaces.  Demonstrate the following
maneuvers: a downward left bank and an upward right bank.

Writing Experiences

1. Pretend that you are a passenger in an airplane of your choice.  In five paragraphs
describe a short trip you took during which the plane did the following maneuvers:
steep roll with a downward pitch and an unexpected yaw right.  Describe the airplane’s
motion, control surface positions and what the movement did to you inside the
passenger cabin.

2. Write a song, poem or rap that names and describes yaw, pitch and roll as well as
tells about the control surfaces which control these motions.

3. Draw the flight path of an airplane.  Have the airplane change directions at five points
along the path, and label each point.  Describe what movement occurred at each
point and what control surfaces controlled that movement.
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Critical Thinking Questions

1. Using a toy airplane, demonstrate the motions of an airplane.

2. Predict how an airplane would fly without a rudder.

3. Predict how an airplane would fly without the ailerons.

4. Predict how an airplane would fly without the elevators.

5. Why do you think it took so long to develop the capability of controlled flight?

6. How did the early inventors solve the problem of maneuverability in their airplanes?
(See the Wright brothers’ wing warping technique.)
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Quick Quiz

Airplane Control

Directions:   Circle the letter of the answer that best answers the question.

1. What part of the airplane is the main body that holds the passengers and cargo?

A. tail section
B. fuselage
C. undercarriage
D. wings

2. What is yaw?

A. motion of the airplane as the nose is raised or lowered
B. one wing-tip moves up as the other wing-tip moves down
C. motion of the airplane as the nose moves left or right
D. forward motion

3. What part of the airplane creates thrust?

A. propulsion system or engines
B. fuselage
C. tail section
D. wings

4. Which control surface controls roll?

A. rudder
B. ailerons
C. elevators

5. What part of the airplane is designed to be used only during landing and takeoff?

A. fuselage
B. tail section
C. wings
D. empennage or landing gear
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Quick Quiz - Key

Airplane Control

Directions:   Circle the letter of the answer that best answers the question.

1. What part of the airplane is the main body that holds the passengers and cargo?

A. tail section
B. fuselage
C. undercarriage
D. wings

2. What is yaw?

A. motion of the airplane as the nose is raised or lowered
B. one wing-tip moves up as the other wing-tip moves down
C. motion of the airplane as the nose moves left or right
D. forward motion

3. What part of the airplane creates thrust?

A. propulsion system or engines
B. fuselage
C. tail section
D. wings

4. Which control surface controls roll?

A. rudder
B. ailerons
C. elevators

5. What part of the airplane is designed to be used only during landing and takeoff?

A. fuselage
B. tail section
C. wings
D. empennage or landing gear
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Section Overview

Tools of Aeronautics

The four tools of aeronautics are discussed and demonstrated: computational fluid
dynamics (CFD), wind tunnels, flight simulation and flight test.

CD-ROM Usage

Click on the wind tunnel and you are directed to the “Tools of Aeronautics” section.
Introduce the student reading with the subsection “Aero Research.” Introduce each tool
of aeronautics with the first question found in each subsection (What is CFD? What is a
wind tunnel? What is flight simulation? What is flight test?).  After completing the student
reading and worksheets, students can review the concepts by using the Student Logbook
pages 27, 28, 29, 30.

Materials List

• 1 ping-pong ball
• piece of string 30 cm long
• tape
• straw
• ring stand or table end

Student Handouts

Student Reading: Tools of Aeronautics
Student Note Taking Guide: Tools of Aeronautics
Student Worksheet: Tools of Aeronautics
Experiment:  Air Pressure and Current of Air Procedure Card
Experiment: Object Shape and Drag Procedure Card
Quick Quiz: Tools of Aeronautics
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Tools of Aeronautics

The Four Tools

Researchers in the field of  Aeronautics primarily use four “Tools” to test their hypotheses:
Computational Fluid Dynamics, Wind Tunnel Testing, Flight Simulation and Flight Test.
Each of these four “Tools” consists of unique and specialized equipment and experts
trained in the development, management and operation of the Tools.  These Tools were
developed only within the last 100 years and have evolved in parallel with technology in
other areas.  On one hand their evolution was dependent on the development of
technology and on the other hand, their evolution pushed the technology faster and to
greater heights.  Each Tool has its own niche in the design cycle of a new airplane or in
the modification of an existing one.  Data from one Tool can feed into the tests performed
using another Tool.  Oftentimes, research will be completed using one Tool and proceed
on to another, only to return to the previous Tool because of a new question generated
during tests using the second Tool.  Selecting which Tool to use is based on the question
being asked.  A Tool that can provide excellent data on, say, the aerodynamics of a wing
may not be able to give any information about how that wing affects the controlability of
the entire airplane.

Wind Tunnels

Wind Tunnels were the first Tool to be developed and have been
used since the time of the Wright brothers.  The name “Wind Tunnel”
is very appropriate.  A wind tunnel is basically a long tube or tunnel
through which air is blown at controlled speeds.  A scale model of
an airplane, or part of an airplane is mounted in the tunnel and
measurements are taken of the forces and pressures that the model
experiences when the air is blown.  The basic idea of a wind tunnel
is to move wind past a stationary airplane, instead of flying the
airplane through the air.  This is safer, cheaper, and provides a more
controlled environment in which to test.  It has been proven that
data gathered in this way is able to accurately predict forces and
pressures generated during real flight.

Teacher Reading
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The models mounted in the tunnel can either be a scaled version of the real airplane, or
a scaled version of part of the airplane.  Note that the scaling must be extremely accurate
or the prediction of forces and pressures will be in error.

Measurements are made by sensors which are embedded in the model and mounted
throughout the tunnel.  Examples of sensors are strain gauges, balances and pressure
sensors.  Examples of sensors mounted within the tunnel are floor balances (much like
bathroom scales), barometers, thermometers, anemometers, pressure sensors and
microphones.  Data from all of these sensors are fed into computers.  Researchers and
engineers then display the data in numerical form (lists of numbers) or graphical form
(graphs and plots).  Some tunnels have the capability to inject oil, smoke or water into
the airflow so that photographs may be taken.  Other visualization techniques using
lasers, paint that changes color in response to changes in pressure, and other high
technology tools are currently being tested.

Wind tunnels come in all shapes and sizes, from
small hypersonic tunnels (3000+ miles per hour)
to very large low-speed (115 miles per hour)
tunnels which can test full-sized models.  Many
wind tunnels exist throughout the world.  The
largest wind tunnel can be found at NASA Ames
Research Center in California.  The test section
- where the model is mounted - is 80 feet high
by 120 feet wide.  A full-size model of a Boeing
737 airplane can be mounted in the test section.

Wind tunnel testing is critical during the design of a new
airplane or changes to an existing airplane.  A common usage
of wind tunnel testing is to gather data to help build a
mathematical representation of an airplane that can reside in
a computer - called a mathematical model.    This type of
information is invaluable to researchers and enables them to
more fully utilize the other Tools.  Cars, trucks, parachutes
and helicopters are also tested in wind tunnels.

Computational Fluid Dynamics

Wind tunnel tests can be very expensive.  Wind tunnels
themselves use massive amounts of electricity to generate

The largest wind tunnel in the world.

A model of an F-18 in the
80x120-foot test section.
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the airflow.  The maintenance of machinery, equipment and
tunnels the size of multiple football fields is also very expensive.  Airplane models with
their rigorous requirements for precision and durability take much time and money to
build.

In the early 1960s the idea was conceived to run wind tunnel tests in a computer.  In
those days, computers were large, slow and cumbersome compared to the computers
of today.  However, given a mathematical model of an airplane, they were able to fairly
accurately predict forces and pressures in support of research in fluid dynamics.  The real
beauty of this technique, however, was the ability of
the computer to display graphical pictures and
representations of the data which allowed researchers
to almost instantaneously perceive and analyze what
was happening to a particular model.  This visualization
was only available in crude forms in the wind tunnel.
The field of fluid dynamics was thus able to perform
research computationally, inspiring the moniker
Computational Fluid Dynamics or CFD.

In the early days, however, computers had not evolved far enough to handle the huge
amounts of data and computations needed to accurately model modern airplanes.  In an
excellent example of aeronautics research needs pushing the evolution of another

technology, aeronautical researchers cried out for
faster computers that could handle huge amounts of
data.  With the advent of the supercomputers, their
dreams were realized.  Supercomputers can easily
perform over one billion calculations per second.  It
would take a person solving one equation every second,
24 hours a day, over 32 years (or a whole career) to
solve what a supercomputer can in one second.  As
fast as today’s computers are, however, many
aeronautical models are so complex that hours are

needed to compute them.

However, the results are well worth the wait!  Modern computer graphics that can
present data in three-dimensions give a researcher information about the aerodynamics
of an entire airplane on one computer screen.  While the graphics are visually striking
and artistically beautiful, their most valuable contribution to aeronautical engineering is
their ability to present an incredibly large amount of very complex information in a
manner that enables researchers to quickly and accurately draw conclusions from their
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data.  The capabilities of CFD will continue to expand
and grow as computer and visualization technology
continue to evolve.

Flight Simulation

The previous two Tools have not included one very
important aspect of flight - the pilot.  Flight Simulation
incorporates the ability of a human to subjectively observe and analyze his or her
experiences.

As in CFD, a mathematical model of the research airplane is programmed into a computer.
Instead of providing graphical images of the model, a flight simulation computer controls
a cockpit mock-up designed to look like the interior of an airplane, a motion system to
simulate the movements of an airplane, visual computers to create out-the-window
scenes for the pilot, sound systems, and instruments all working together to provide the
pilot an extremely realistic flying environment.

Again, the evolution of computers has greatly influenced the ability of flight simulators to
accurately simulate real flight.  There are two primary uses of flight simulators:  training
and research.  Training simulators now enable pilots to learn to fly new airplanes on the
ground.  They are able to perfect their skills prior to taking off in the real airplane.  Flight
simulators are particularly adept at training pilots to handle emergency situations.  Engine-
out, loss of hydraulics, blown tires, and a host of other life-threatening situations can be
accurately simulated, and effective pilot responses learned, all without the possibility of
loss of life or airplane.

Research flight simulators are used extensively to examine the handling qualities of an
airplane.  As drivers of cars we are intimately familiar with, and often critical of, how our
vehicles handle.  The same holds true with pilots and airplanes.  Modern high performance
airplanes (such as the X-29) are very difficult to “handle”.  Complex computer-based
control systems are used to help the pilot fly.  In some cases the airplane could not be
flown without the aid of a control system. These control systems must be extensively
tested and fine-tuned before they are incorporated into a real airplane.  Much of this
testing takes place in flight simulators.

Research simulators are flown by test pilots.  Test pilots are trained how to provide
accurate and technically sound subjective evaluations of an aircraft’s handling qualities.
On some occasions, test pilots will fly a set of maneuvers in a simulator in the morning
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and fly the same set of maneuvers in the real airplane in the afternoon.

The Vertical Motion Simulator (VMS) at NASA Ames Research
Center in California is the largest motion-base simulator in
the world.  It is known as a six-degree-of-freedom simulator.
This means that the cockpit can move in the three translational
directions (forward/back, up/down, side to side) and generate
the three rotational movements (roll, pitch and yaw).  The
simulator cockpit can travel vertically over 60 feet and can
experience accelerations close to 32 feet per second per
second (or “1 g”).  The VMS is one of the most technically
advanced flight simulators in the world.  Because simulators
are so cost effective and can so accurately mimic the motion and environment of flight
they have become critical in the development of new airplanes and modifications to
existing ones.

Flight Test

After all the above three Tools have been used and used again, the true test of any
airplane is real flight.  This is where the Tool of Flight Test becomes critically important.

A new airplane, or a newly modified airplane, is not built and immediately pressed into
service.  It must undergo rigorous flight testing.  All the predictions made using the other
three Tools are only that - predictions.  Flight Test is when those predictions are finally
proved or disproved.

Flight Tests require much advance planning and preparation.  Instruments are placed in
the airplane to record forces, pressures, control surface movements, pilot movement of
controls, and radio communications.  Every possible bit of information about the flight is
recorded.

On the ground, tracking stations are set up.  Microphones and cameras are readied.
Barometers, thermometers and anemometers are installed to record the environment
during the flight.

A precise and exhaustive list of all maneuvers that researchers want the pilot to fly are
compiled in a test plan.  Every action of the pilot is prescribed in this test plan - from
takeoff to landing.

Vertical Motion Simulator (VMS)
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A test pilot receives hours of training, not only on how
to fly and how to handle emergency situations, but how
to accurately report what he or she is seeing, feeling,
and hearing throughout the flight.  Test pilots wear a

flight suit that has snaps and straps that allow them to strap the test plan to one leg and
a notepad on the other.  Everything the pilots says is recorded and analyzed.  A test pilot
must be able to follow the flight plan precisely.  And, if something goes wrong the test
pilot must be able to quickly determine the cause of the problem and its severity.  It is a
point of honor for all test pilots to land their airplane.  One of the most difficult but also
the most challenging decision a test pilot must make is whether or not, when a problem
arises, the airplane is still flyable.  Unfortunately, history has seen test pilots who have
“stuck it out” thinking they could successfully land the airplane, when in fact they couldn’t.
Being a test pilot is an incredibly demanding and dangerous occupation!  The advent of
flight simulators and CFD has helped reduce the risks of flight test by making sure the
design is more mature before testing.

Based on the results of a flight test, an airplane may be tested further using one of the
other three Tools, more flight tests may be recommended or it could be determined that
the research questions have been adequately answered.

NASA Tiltrotor undergoing a flight test.
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Wind Tunnel
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Student Reading
Tools of Aeronautics

Sometimes scientists create a model to help them explain how or why something works
the way it does.

You may have seen model airplanes.  These model airplanes are smaller than the real
thing, and while the outside might look like the real thing, the inside does not.  Many
models are scale models.  This means that every part of the airplane is made smaller by
the same amount.  Thus a scale model is an exact copy of the real thing - only smaller!

There are other types of models, too.  A mathematical model is made up of mathematical
equations that describe a real object - like an airplane.  A mathematical model is stored in
a computer.  When special programs are run, researchers can fly the mathematical model
in the computer, just like a pilot would in the real world.  A video game of a race car is an
example of a model stored on a computer.

Either a scale model or a mathematical model can be used to test a researcher’s hypothesis
in a safe and controlled way.  In aeronautics, researchers and engineers use models with
four different tools to design and modify airplanes.

Aeronautical researchers can make a scale model and mount
it in a wind tunnel.  A wind tunnel is a tube or tunnel through
which air is blown.  So, instead of an airplane flying through
the air, a scale model of the airplane is mounted in a wind
tunnel and air is blown around it.

Some wind tunnels are very large and can hold models that
are almost the size of the real airplane.  Some wind tunnels
are very small and can only hold very tiny scale models of the
airplane, or maybe a scale model of a part of the airplane.
Some very small wind tunnels can only blow air at over 3000
miles per hour, while some very large tunnels can blow air at
less than 150 miles per hour. This may sound slow, but this is
near takeoff and landing speeds for many airplanes.  So, these
big wind tunnels are very useful.

Engineers place instruments on the scale model and in the wind tunnel to take
measurements while the wind is blowing.  They measure the forces on the model and the
pressures.  All the measurements are collected and analyzed so that the researcher’s
hypothesis may be proved or disproved.

A model of an F-18 in the
80x120-foot test section.
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A model of an airfoil in a small wind tunnel

A supercomputer

Another tool used by aeronautical researchers is Computational
Fluid Dynamics, or CFD for short.  With CFD, researchers use a
mathematical model.  This mathematical model is programmed into
a computer.  The researcher then “flies” the model and the computer
measures the forces and pressures on the mathematical model.  It is
hard to imagine, but a mathematical model is just as “real” to a
computer as a scale model is to you!

Very large and very fast
computers are needed to do CFD.  It wasn’t until the
supercomputer was invented that researchers were
really able to use CFD.  A supercomputer takes just
one second to do what it would take a researcher
over 30 years to do!  Sometimes the mathematical
model for an airplane is so complex that even though
a supercomputer is very fast, it takes hours for the
program to run.

The computer can display graphical pictures of the
forces and pressures on the model.  Oftentimes the
lines for the forces and pressures are drawn in many
different colors.  Each color represents the magnitude
of the force or the amount of pressure.  The pictures
are really fun to look at!  The computer can display

information in ways that a wind tunnel cannot.  The researcher can use this information
to quickly and accurately prove or disprove his or her hypothesis.

Mathematical models are also used to drive a third tool of
aeronautics - flight simulators.  Maybe you are familiar
with flight simulators on your home computers or at arcades.
The flight simulators used by NASA are much larger and
much more complex than those used in other places.

Instead of displaying pictures of the mathematical model, a
flight simulation computer uses the mathematical model to
control a cockpit that is built to look just like a real airplane.

CDF (Computational Fluid Dynamics)

Vertical Motion Simulator (VMS)
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This cockpit is placed on a motion system that enables it to move and turn in all different
directions.   The computer also generates out-the-window scenes that make the pilot
think that he or she is flying in the real world.  The computer also generates sounds and
makes the controls in the cockpit act just the controls in the airplane.

A test pilot climbs into the flight simulator and feels like he or she is climbing into a real
airplane.  During a flight simulation, the test pilot will report on how the simulated
airplane handles.  This is important for developing a new aircraft design.  Different airplanes
handle differently - just like different cars handle differently!  Sometimes pilots will learn
to fly an airplane unfamiliar to them in a simulator.  Sometimes pilots will practice new
maneuvers or learn what to do in case of an emergency.  It is a lot safer to practice new
skills in a simulator than it is in a real airplane!

The fourth tool of aeronautics is flight test.  While all the tools we’ve talked about so
far use only models of airplanes, in flight test real pilots fly real airplanes.  Test pilots fly a
new or modified airplane according to a test plan.  This test plan tells the pilot exactly
what to do - from takeoff to landing.  During the flight test, the pilot reports on his or
her experiences.  Instruments are also mounted in the airplane and on the ground to

measure information about the test.

Being a test pilot is a very important career.  It also can
be dangerous!  Sometimes a new or modified airplane
will not respond in a way that was predicted by other
tests.  This can cause an emergency situation.  The test
pilot must quickly determine what the cause of the
problem is and whether the airplane is still flyable.  A

test pilot would always prefer to land their airplane.  However, sometimes the airplane
has been damaged or a critical part has failed in which case the pilot must decide whether
to try to land or bail out.  All of these decisions must be made in a matter of seconds!

All of the four tools of aeronautics are used to help researchers prove or disprove their
hypotheses.  Aeronautical engineers and researchers use the Scientific Method, just like
you are learning to do.  Sometimes a hypothesis made by an engineer or researcher is
correct and sometimes it is not.  But, in all cases, they learn how and why things work the
way they do by using the Scientific Method.

NASA Tiltrotor undergoing a flight test.
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Student Note Taking Guide

Big Ideas Important Little Details

model helps to explain how or why something works the way it does
scale model is exact replica - just smaller
mathematical model is a model in a computer

wind tunnel tube or tunnel through which air is blown
scale model mounted in tunnel
tunnels can be either large or small
wind can blow very fast or slow
instruments placed in the model to measure forces and

pressures
measurements collected and analyzed to prove or disprove a

hypothesis

CFD mathematical model used
fly model in computer and measure forces and pressures
need supercomputers
display graphical pictures of forces and pressures
can quickly analyze picture and prove or disprove hypothesis

flight simulation mathematical model used
like flight simulators at home or in arcades - but more complex
computer uses mathematical model to control simulator:

cockpit, motion system, sound, controls, out-the-window
scenes

pilot feels just like he or she is in a real airplane
pilot testing how airplane handles
simulators used to train or practice

flight test real pilots fly real airplanes
fly according to a test plan
pilot reports on his or her experiences
instruments in the airplane or on the ground measure information
test pilot very important career - must make decisions quickly

summary all four tools used to prove or disprove hypothesis
researchers and engineers use Scientific Method
sometimes a hypothesis is correct, sometimes it is not
in all cases researchers and engineers learn from using the four

tools
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2.5.4  Student Worksheet

Student Worksheet
Tools of Aeronautics

1. Explain why scientists make a model.

2. Name two different types of models.

3. List the four tools of aeronautics.

4. In your own words, explain what CFD is.

5. In your own words, explain how a wind tunnel works.

6. Why do you think researchers don’t just build a plane and fly it, but use the tools of
aeronautics to test it.
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Student Worksheet – Key
Tools of Aeronautics

1. Explain why scientists make a model.

to explain how or why something acts the way it does

2. Name two different types of models.

scale model and mathematical model

3. List the four tools of aeronautics.

wind tunnels
CFD
flight simulation
flight test

4. In your own words, explain what CFD is.

A mathematical model is programmed into a computer.  The researcher then flies the
model in the computer.  The computer measures the forces and pressures on the
model.

5. In your own words, explain how a wind tunnel works.

Engineers/researchers mount a scale model in a wind tunnel.  Instruments are mounted
on the model.  When the wind blows, the instruments measure the forces and pressures.

6. Why do you think researchers don’t just build a plane and fly it, but use the tools of
aeronautics to test it.

it’s safer
it’s cheaper - instead of building, testing, re-designing, re-building all of this can be

done with models
airplane is more thoroughly tested using all four tools
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Experiment:  Air Pressure and Current of Air

Procedure Card

Materials

ping-pong ball
piece of string 30 centimeters long
tape
soda straw
hanging apparatus (ring stand)

Experiment Set Up

Tape one end of the string to the ping-pong ball.

Attach the other end of the string to the hanging apparatus so that the ball hangs
freely.

Experiment Procedure

1. Gather materials.

2. With the ball in a still position, blow through the drinking straw so that the current
of air passes alongside the left side of the ball.  Do not blow directly on the ball or
touch the ball with the straw.

3. Observe and record.

4. Repeat step 2, but blow through the straw so that the current of air passes alongside
the right side of the ball.

5. Observe and record.
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Experiment Log - Key
Page 1

Experiment:  Air Pressure and a Current of Air

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

What is the effect of a current of air (airstream) on an
object?

OR

Does an airstream (current of air) have an effect on objects
it blows by?

I think the airstream will push the ball away.

OR

I think the airstream will create a low pressure area close
to the ball and the ball will move toward that.

Materials:  ping-pong ball • tape • thread • straw • ring stand

Procedure:

1.  Gather materials.

2.  Hang ball in a still position.

3. Blow through straw so air travels alongside the left
of the ball.

4. Observe and record.

5. Repeat steps 3-4, but blow to the right of the ball.
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Experiment Log – Key
Page 2

Experiment:  Air Pressure and a Current of Air

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

1. Ball moved to the left, closer to the airstream.

2. Ball moved to the right, closer to the airstream.

Because a moving current (stream) of air lowers the
air pressure, the ball will move toward the area of low pressure.
It does not move directly into the path of the air, but stays
on its edge.
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Experiment: Object Shape and Drag
Procedure Card

Materials

3 identical sheets of notebook paper:
1 crumpled into a tight ball
1 smooth and flat
1 rolled into a tight cone and secured with two short pieces of tape

Tape
Measuring stick

Experiment Set Up

Crumple one sheet of notebook paper into a tight ball.

Tightly roll another sheet of notebook paper into a cone shape. Secure the flap
with one small piece of tape at the smaller end of the cone and another small
piece of tape at the larger end.

Measure two meters from the floor and mark that point. This will serve as the
starting point for the drop.

Experiment Procedure

1.    Using more than one person to hold the pieces of paper, hold all three pieces at the
two meter mark. Hold the flat sheet of paper horizontally (or parallel to the floor).

2.    Release all three at the same time.

3.    Observe and record the order in which each piece of paper contacts the ground.

4.    Repeat the drop four more times and observe and record
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Experiment Log - Key
Page 1

Experiment:  Object Shape and Drag

         Steps Data

1. State the
problem.

QUESTION

(What do I want to
know?)

2. Form a
hypothesis.

PREDICTION

(What do I think is
going to happen?)

3. Design an
experiment.

MATERIALS &
PROCEDURES

(What steps will I
take to do this
experiment?  What
things will I need?)

How does an object’s shape affect drag?

Will objects of different shapes, but same mass  and weight
have different amounts of drag?

Will 2 objects of the same mass, weight and material have
different amounts of drag depending upon their shape?

The more rounded an object is, the less drag it will have
compared to a squarer or wider or flatter shaped object
of the same weight (or mass) because there will be less/
smoother surface area to create drag.

Materials:  3 identical sheets of notebook paper:1 crumpled
into a tight ball • 1 smooth and flat • 1 rolled into a tight
cone and secured with two short pieces of tape • Tape •
Measuring stick

Procedure:

1.   Using more than one person to hold the pieces of paper,
hold all three pieces at the two meter mark. Hold the
flat sheet of paper horizontally (or parallel to the floor).

2.   Release all three at the same time.

3.   Observe and record the order in which each piece of
paper contacts the ground.

4.  Repeat the drop four more times and observe and
record.
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Experiment Log - Key
Page 2

Experiment:  Air Pressure and a Current of Air

         Steps Data

4. Perform the
experiment.

OBSERVE and
RECORD DATA

(What information
did I gather during
this experiment?)

5. Organize and
analyze data.

(Make a graph, chart,
picture or diagram.)

6. Draw
conclusions.

(What do my results
mean?  Was my
hypothesis right or
wrong?  Can I explain
why?)

The flat sheet was always last.

Most of the time the cone hit the ground first with the ball
right after.

 A few times the cone and ball hit at the same time.

Because the flat piece always hit the ground last, it has the most
drag.  It has the most drag because its wide shape catches a lot
of air (molecules) under it -- this makes it float.  Both the cone
and the ball are rounded shapes that allow the air to move
smoothly around it, and not much air gets trapped underneath.

 Flat     Cone Ball
 Drop # 1    3       1            2
 Drop # 2                3                    1                      2

 Drop # 3                3                    1                      1
 Drop # 4                3                    2                      1
 Drop # 5                3                    1                      2



Part I - Section 2

EG-2003-07-001-ARC

281

Exploring Aeronautics:The Science of Flight

Content - T

Additional Student Activities

• Students and other more skilled volunteers can build their own classroom or grade
level wind tunnel and perform their own experiments.  A fan can be used to blow the
air.

• Perform additional research on the physical structure of wind tunnels (their size, for
example), then draw and label a diagram of a wind tunnel.

• Create a flowchart that depicts the testing of an airplane going through the
development process.

• Debate the issue of the importance of aeronautical research to our modern society.

Writing Experiences

• Pretend you are a model of an experimental aircraft and have been placed in a wind
tunnel.  Write a descriptive paragraph that tells about your experience in the wind
tunnel.  Try to describe the way it feels as the air flows around you.

• Write a test plan for a flight simulation or a flight test.  Remember to tell the test
pilot exactly what to do.

• Pretend you are a test pilot and write a letter to your cousin telling him or her about
your recent flight test experience.
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Project
Creating an Airflow Relief Sculpture

Most sculptures you probably have seen are free standing.  That means the artistic piece
can stand by itself.  Another type of sculpture is meant to hang on the wall like a painting,
but it does not have a flat surface.  It’s surface is in “relief.”  “Relief” means that it is raised
above a flat surface - it sticks out a little.

You have learned about wind tunnels and have observed pictures, photographs and results
of wind tunnel experiments.  For this project you will artistically show in a relief sculpture,
an airplane or airfoil and the airflow around it during a wind tunnel test.  Follow the steps
below to create your Airflow Relief Sculpture.

1. Gather the following materials: “relief” items of your choice:

aluminum foil popsicle sticks

clay yarn

glue string

scissors parts of Styrofoam containers

cardboard piece (25 cm x 25 cm) parts of plastic containers

toothpicks

plastic eating utensils

bits of wood

2. Arrange the objects as you desire on the cardboard piece.  Keep in mind you are
trying to depict the airflow around an airfoil or wing during a wind tunnel test.

3. Once the pieces are arranged the way you like them, glue or fasten them securely to
the cardboard.

4. Cover the relief (not tightly) with aluminum foil.  Carefully rub it down with a soft,
damp cloth so that all the shapes underneath it show up clearly.
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Critical Thinking Questions

1. Explain why you think we would need different sized wind tunnels for research?

2. How important do you think computers are to research?

3. Explain in your own words how a wind tunnel actually works.

4. Why are aeronautical tools so important to aeronautics?

5. How has research on airflow changed the way we make airplanes?

6. How has research on airflow changed the way we fly airplanes?

7. Explain the benefits of wind tunnel research.

8. List the differences between flight test and flight simulation.

9. How important do you believe aeronautical research is to our modern society?

10. Explain how the Scientific Method is a part of aeronautical research.
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Quick Quiz

Tools of Aeronautics

Directions:   Circle the letter of the answer that best answers the question.

1. Which tool of aeronautics is a tube or tunnel through which air is blown?

A. computational fluid dynamics
B. wind tunnel
C. flight simulation
D. flight test

2. What are the two types of models that aeronautical researchers use?

A. scale model and mathematical model
B. scale model and aerodynamic model
C. mathematical model and aerodynamic model

3. Which tool of aeronautics uses mathematical models andsupercomputers?

A. computational fluid dynamics
B. wind tunnel
C. flight simulation
D. flight test

4. Why do scientists make a model?

A. it is easier to work with larger objects
B. to explain how or why something acts the way it does

5. Which tool of aeronautics uses a prototype with special instruments attached to
it, and a real pilot who flies according to a test plan?

A. computational fluid dynamics
B. wind tunnel
C. flight simulation
D. flight test
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Quick Quiz - Key

Tools of Aeronautics

Directions:   Circle the letter of the answer that best answers the question.

1. Which tool of aeronautics is a tube or tunnel through which air is blown?

A. computational fluid dynamics
B. wind tunnel
C. flight simulation
D. flight test

2. What are the two types of models that aeronautical researchers use?

A. scale model and mathematical model
B. scale model and aerodynamic model
C. mathematical model and aerodynamic model

3. Which tool of aeronautics uses mathematical models andsupercomputers?

A. flight test
B. wind tunnel
C. flight simulation
D. computational fluid dynamics

4. Why do scientists make a model?

A. it is easier to work with larger objects
B. to explain how or why something acts the way it does

5. Which tool of aeronautics uses a prototype with special instruments attached to
it, and a real pilot who flies according to a test plan?

A. computational fluid dynamics
B. wind tunnel
C. flight simulation
D. flight test



Part I - Section 3

EG-2003-07-001-ARC

286

Exploring Aeronautics:The Science of Flight

Appendices

EXPLORING AERONAUTICS

Part I
Section 3

Appendices



Part I - Section 3

EG-2003-07-001-ARC

287

Exploring Aeronautics:The Science of Flight

Appendices - T/S

Appendix 1:   Aeronautics Glossary
accelerate

To speed up.
For example, when an airplane takes off it accelerates down the runway until enough
lift is created by the air flowing over the wings so that it can fly.

aerodynamics
A field of fluid dynamics that studies how gases, including air,  flow and how forces act
upon objects moving through air.

aeronautics
The study of flight and the science of building and operating an aircraft.

airflow
The motion of air molecules as they flow around an object, such as a wing.

airfoil
An object with a special shape that is designed to produce lift   efficiently when the
object is moved through the air.  For example, the cross-section of a wing is an airfoil.

ailerons
Control surfaces on the trailing edge of each wing that are used to make the aircraft roll.

When flying straight and level, moving the control stick to the right  will raise the
aileron on the right wing and lower the aileron on the left wing.  This will cause the
aircraft to roll to the right.

aircraft
A machine used for flying.

Airplanes, helicopters, blimps and jets are all aircraft.

airplane
An aircraft that uses the force of air on its wings (called lift) to fly.
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air pressure
The force created by air pushing on a surface.

altitude
The height of an object, like an airplane, above sea level or above the earth’s surface.

analyze
To take something apart so it can be examined and studied.

angle of attack
The angle of a wing to the oncoming airflow.

A pilot pulls back on the control stick to raise the elevator.  This causes the aircraft
to pitch which increases the angle of attack.

aviation
The operation of aircraft.

There are three types of aviation:  general, commercial and military.

axis
A straight line, through the center of gravity, around which an aircraft rotates.

For example, an aircraft rolls around its longitudinal axis which is a straight line that
runs through the center of the aircraft, from the nose to the tail.

balanced forces
Opposing forces that are pushing or pulling against each other an equal amount.

For example, if you and a friend pull on a rope, in the opposite direction with the
same force, neither of you will move.  This is because the forces are balanced.
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Bernoulli, Daniel
Daniel Bernoulli was a Swiss mathematician.  He was born on February 8, 1700 in
Groningen, Netherlands.  As a university student he studied philosophy and logic.  His
favorite subjects were mathematics and mechanics.  From 1725 to 1733 he worked
as a mathematician with his brother, Nikolaus, at the St. Petersburg Academy of Sciences
in Russia.  He then worked as a professor at the University of Basel in Switzerland
until his death on March 17, 1782.

He is famous for his work in the field of fluid dynamics.  In 1738 he wrote a book
called Hydrodynamica.  In this book he explained his theories about how gases and
fluids move, and how the speed at which they move affects the pressure they exert on
objects they flow around.  This is the basis for the explanation of lift.  His work helped
to lay the foundation for aeronautics which would be developed many years later.

Bernoulli’s Principle
Daniel Bernoulli explained that the faster molecules within a fluid move, the less pressure
they exert on objects around them.  This applies to all fluids, including water, air and
gases.

For example, the water in a pond will exert more pressure on the pond’s bottom,
than a flowing stream with the same amount of water will exert on the streambed.

biplane
An airplane with two sets of wings.

The first airplane ever built had two sets of wings, one on top of the other.

camber
The curve of an airfoil.

center of gravity
The force of gravity acts on every individual part of an object, like an airplane.  However,
engineers often treat the force of gravity on all the parts of an object as a single force
acting on a point in the object called the center of gravity.

chord line
A line from the front of an airfoil ( the leading edge ) to the trailing edge .
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cockpit
A compartment in the front of the airplane where the flight crew performs their job
of flying the aircraft.

commercial aviation
The business of operating aircraft that carry passengers by commercial companies.

Airline companies such as American Airlines, United Airlines and many others are
examples of commercial aviation.  A Boeing 747 is an example of an airplane that is
owned by a company and operated in commercial aviation.

Computational Fluid Dynamics (CFD)
The science of using supercomputers to solve complex mathematical equations that
predict how an object like an aircraft responds to the air flowing around it.
CFD is a Tool of Aeronautics that enables engineers to “fly an aircraft in a computer”.

computer
An electronic machine that receives, processes and presents data.

A computer can be programmed to perform complicated tasks, like solving complex
mathematical equations or controlling a flight simulator.

control surfaces
Parts of an aircraft that are activated by the controls to change the airflow around the
surfaces of the aircraft.

The changes in airflow cause the aircraft to roll, pitch, or yaw.  Examples of control
surfaces are:  ailerons, elevators and rudders.

controls
Devices which allow the pilot to direct the movements of an aircraft.

Examples of controls are:  rudder pedals that control the rudders and cause the
airplane to yaw;   throttles that control the engines which generate thrust for the
airplane; and the control stick that controls the ailerons and elevators which cause
the airplane to roll and pitch.
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data
Information that is collected from an experiment.

For example, an engineer in a wind tunnel may collect data about how much lift is
created by a certain wing shape.

decelerate
To slow down.

When an airplane comes in to land, it decelerates and rolls to a stop.

delta wing
A sweepback wing that looks like a triangle from above.  The trailing edge of the wing is

the base of the triangle.
The XB-70A is an example of an airplane that has a delta wing.  The XB-70A can fly
faster than twice the speed of sound at an altitude of 70,000 feet.

dihedral angle
The upward angle of the wings that is formed where the wings connect to the fuselage.

drag
The force that resists the motion of the aircraft through the air.

One type of drag is caused by air molecules.  As the aircraft flies through the molecules,
they resist the motion of the aircraft.  This resistance is due to friction between
the air molecules and the surface of the aircraft.  Airplanes are streamlined to
decrease the drag force.

elevators
Control surfaces on the horizontal part of the tail that are used to make the airplane
pitch.

Pulling back on the control stick will raise the elevators.  This causes the aircraft to
pitch and increase the angle of attack.

empennage
The parts of the airplane located at the tail end.

The empennage includes the horizontal stabilizer, the vertical stabilizer, and elevators.
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engine
A machine that uses combustion to create energy.

An airplane will normally either have jet engines or engines that drive one or more
propellers.  In either case, the engines provide the thrust force that pushes the airplane
through the air.

engineer
Someone who designs and builds mechanical or electrical devices.

For example, an aeronautical engineer designs and builds aircraft.  To do this, an
aeronautical engineer must study aeronautics and understand fluid dynamics and
aerodynamics.

experiment
A set of controlled procedures designed to test an idea or hypothesis.

For example, a flight simulation engineer will design an experiment to test whether
or not a pilot can control an airplane with a new wing design.

Federal Aviation Administration (FAA)
The FAA is a government agency, under the Department of Transportation, that
oversees all aviation within the United States.

The FAA controls, for example, airport safety, air traffic control, licensing of pilots,
inspection of aircraft, and investigates aviation mishaps.

fin
Another word for the vertical portion of the tail.

flaps
Moveable parts of the trailing edge of a wing that are used to increase lift at slower air
speeds.  Flaps increase lift by changing the shape of the airfoil.

A pilot will extend the flaps when the airplane is landing.  By extending the flaps, the
pilot is increasing the camber of the wing, the size of the wing and the wing’s angle of
attack.  All of these actions will cause lift to decrease so the airplane can land more
slowly.
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flight simulation
A Tool of Aeronautics  in which a flight simulator on the ground is used to create an
environment where a pilot sees, hears and feels like he or she is in a real aircraft.

Flight simulation  is used to investigate how an aircraft responds to a pilot’s movement
of the controls.

flight test
A Tool of Aeronautics  in which a real aircraft  is flown to gather data which will accurately
describe the capabilities of that aircraft.

Flight test  is used to investigate how fast, how far and how high an aircraft  can go,
and how it handles and performs.

fluid dynamics
The study of how fluids move.

Fluids include water and gases (such as air).

force
A push or a pull in a certain direction, that can be measured.

Examples of forces are your hand pushing on a doorknob, and a propeller pulling
an airplane through the air.

forward sweep wing
A wing that is swept toward the front of the airplane, unlike most fast airplanes which
have wings that are swept toward the back of the airplane.

The X-29 aircraft is an example of a supersonic jet that has forward sweep wings.  The
X-29 is capable of going over one and one-half  (1 1/2) times the speed of sound.

fuselage
The part of the airplane to which the empennage and wings are attached.

The fuselage is where the passengers and cargo are located.  It is streamlined so
that it produces the least possible drag.

general aviation
The operation of aircraft that belong to the public.



Part I - Section 3

EG-2003-07-001-ARC

294

Exploring Aeronautics:The Science of Flight

Appendices - T/S

gravity
The natural force that pulls an object toward the earth.

We experience gravity as weight.  An airplane must generate enough lift to
counteract the weight of an aircraft .

horizontal stabilizer
The horizontal part of the tail.

The horizontal stabilizer   helps to increase the stability  of the aircraft.  It is also
known as a tailplane.

hypersonic
Velocity greater than five times the speed of sound.

The Hyper-X is a reusable launch vehicle that will fly into space and return.  It will
fly at hypersonic speeds as it re-enters the atmosphere.

hypothesis
A prediction which needs to be tested to tell if it is correct.

An engineer can offer the hypothesis that a particular wing shape will not create
enough lift to enable an airplane to fly.  His or her hypothesis must then be tested
using one or more of the Tools of Aeronautics to determine if it is correct.

instruments
Tools used to observe, measure and control .

For example, pilots use instruments  to measure and observe the altitude, speed
and direction of an aircraft.

jet engine
An engine that works by creating a high-velocity jet of air to propel the engine forward.

landing gear
Another word for undercarriage.

The landing gear  is often retractable - it can be pulled into the fuselage of the
aircraft to reduce drag.
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lateral axis
The axis extending through the center of gravity of an aircraft, and parallel to a line
connecting the tips of the wings.

The lateral axis is sometimes called the “y” axis.  Pitch is a motion around the lateral
axis.

leading edge
The front edge of an airfoil.

The leading edge is normally rounded and thicker than the trailing edge.

lift
A force that is perpendicular to the airflow around an aircraft.

In normal, forward flight, the lift force “lifts” the aircraft into the air.  Engineers design
airplanes so that the lift created by the wings opposes the weight force.

longitudinal axis
The axis extending through the center of the fuselage from the nose to the tail.

The longitudinal axis is sometimes called the “x” axis.  Roll is a motion around the
longitudinal axis.

military aviation
The operation of aircraft that belong to the Armed Forces.

The Air Force YF-23 is an example of an aircraft that is flown only by the military.

model
A copy of an object that is often times smaller than the original.

Wind tunnel engineers create a model of an aircraft to put in a tunnel.  The model is
a precise replica of the outside of an aircraft.

molecule
The absolute tiniest part of something, that can still be called by that name.

For example, two hydrogen atoms and one oxygen atom make up one molecule of
water.
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monoplane
An airplane with one set of wings.

Most aircraft built today have only one set of wings and are classified as monoplanes.

National Advisory Committee for Aeronautics (NACA)
NACA was a government agency that was started in 1917.  NACA guided research in
aeronautics until 1958 when its name was changed to the National Aeronautics and
Space Administration (NASA).

National Aeronautics and Space Administration (NASA)
In 1958, NASA was created as a government agency to replace NACA.  NASA’s charter
is to expand frontiers in air and space, to inspire and serve America, and to benefit
the quality of life on Earth.

opposing forces
Forces that are pushing or pulling in the opposite direction.

For example, lift is perpendicular to the airflow around an aircraft.  If the aircraft is
flying straight and level, the lift force (which is pulling up) will be opposing the
weight force (which is pulling the aircraft toward the earth).

payload
The load carried by an aircraft that includes passengers and cargo.

pilot
A person who flies an aircraft.

pitch
A rotational motion in which an airplane turns around its lateral axis.

Pushing forward on the control stick will lower the elevators, which forces the tail
upward.  The pilot will then see the nose of the aircraft fall or pitch.
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pressure
A force  being exerted on part of a surface.

When you stand, your feet put pressure on the ground.  Air pressure refers to air
molecules pressing against a surface like the bottom of a wing.

propeller
A device that consists of blades (shaped like airfoils) that spin around a central hub,
like a fan.

An engine causes the blades to turn.  When the blades turn, they create thrust by
biting into the air and forcing it to move back.  The amount of thrust can be
controlled by changing the speed of the propellers.

pull
To use force to bring something closer.

The force of gravity pulls objects closer to the Earth.

push
To use force to move something ahead or to the side.

During takeoff the thrust force, created by the engines, pushes an airplane down the
runway.

reconnaissance
In aviation, to fly over and look closely at an area below to gather information about
it.

research
A carefully planned and performed investigation, searching for previously unknown
facts.

regimes of flight
A way of placing aircraft into different categories based on their speeds.

The regimes of flight are subsonic, transonic, supersonic and hypersonic.
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roll
A rotational motion in which the aircraft  turns around its longitudinal axis.

Pushing the control stick to the left will raise the aileron on the left wing and lower
the aileron on the right wing.  This will cause the airplane to roll to the left.  The pilot
will see the left wing tip fall and the right wing tip rise.

rotational motion
The turning of an object, like an airplane, around an axis, or a propeller around a hub.

Pitch, roll and yaw are the rotational motions of an airplane around the lateral, longitudinal
and vertical axes.

rudder
A control surface on the trailing edge of the vertical part of the tail that is used to make
the aircraft yaw.

The rudder is controlled by rudder pedals.  Pushing the left rudder pedal will tilt the
rudder to the left.  This will cause the nose of the aircraft to turn to the left.

scientific method
A systematic way of solving a problem or answering a question using observation and
measurement.

The six steps of the scientific method are:  state the problem, create a hypothesis,
design an experiment, perform the experiment, organize and analyze the data, draw
conclusions.

simulator
A device that creates an environment that is as close as possible to reality.

In flight simulators, engineers create a cockpit environment identical to the one in a
real airplane.  In a flight simulator a pilot will see, hear and feel like he or she is in a
real aircraft.

speed of sound
The speed at which sound waves travel.

If you stand a distance away from a friend and say something to him, the sound
waves of your voice will travel very quickly to the ear of your friend.  The speed of
sound is the speed at which those waves traveled.
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spoiler
A device, normally located on the top of the wing, for changing the airflow around a
wing to reduce lift.

Pilots deploy spoilers when they land so that the airplane is no longer “lifted” into
the air.

stability
The condition of being steady.

A motion of an aircraft is said to have stability, or be stable, if the aircraft will return
to that motion after a disturbance, without the pilot having to move the controls.

stabilizer
A surface that helps to provide stability for an aircraft.

An airplane has two stabilizers:  a vertical stabilizer and a horizontal stabilizer.  Stabilizers
are like the feathers on an arrow, which keep the arrow pointed in the right
direction.

stall
A breakdown of the airflow over a wing, which suddenly reduces lift.

When an airplane stalls it will usually drop suddenly.  Pilots know how to recover
from a stall and smooth out the airflow over the wings to produce more lift again.

straight wing
A wing  that sticks straight out from the fuselage - it does not slant to the front or the
rear.

The ER-2 is an example of an aircraft that has straight wings

streamline
To shape an object so that it creates less drag  and moves smoothly and easily through
the air.

Airfoils  are streamlined,  as is the fuselage.

subsonic
Velocity less than the speed of sound.

The MD-11 is a subsonic aircraft because it never flies above the speed of sound.



Part I - Section 3

EG-2003-07-001-ARC

300

Exploring Aeronautics:The Science of Flight

Appendices - T/S

supercomputer
A computer that is especially designed to receive, process and present very large
amounts of data very quickly.

The Cray Y-MP is an example of a supercomputer that is resident at NASA Ames
Research Center and is used for CFD.

supersonic
Velocity greater than the speed of sound.

The SR-71 is characterized as a supersonic aircraft because it travels from three to
four times the speed of sound.  A supersonic aircraft can fly from New York to
London in less than two hours.

sweepback wing
A wing that is slanted toward the rear of the airplane.

The F-18 aircraft is an example of a supersonic jet that has sweepback wings.

tailplane
Another word for a horizontal stabilizer.

takeoff
The process of using the thrust of the engines to accelerate an airplane down a runway
until enough lift is generated so that the aircraft begins to fly.

test pilot
A pilot that is specially trained to test aircraft.

Test pilots must be exceptional pilots, have a complete understanding of aeronautics
and aerodynamics, and be able to accurately write and speak about what they see,
feel and hear during the testing of an aircraft.

thrust
A force created by the engines that pushes an aircraft through the air.
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tool
A device or process that is used to do some kind of work.

A handheld calculator is a tool for doing mathematics accurately and quickly.  The
Tools of Aeronautics (CFD, Wind Tunnel Testing, Flight Simulation and Flight Test) are
processes that use special devices to perform research in aeronautics.

trailing edge
The rear edge of an airfoil.

The trailing edge is normally thin and sharp.  The ailerons are normally located on
the trailing edge of the wing.

translational motion
Motion along a straight line, such as an axis.

The translational motions of an aircraft are forward and back along the longitudinal
axis, side to side along the lateral axis, and up and down along the vertical axis.

transonic
Velocity between nine tenths (.9) and one and four tenths (1.4) times the speed of
sound.

The X-1 was the first aircraft to fly faster than the speed of sound.  Several versions
of the X-1 were built.  One succeeded at flying twice the speed of sound at an
altitude of 90,000 feet.

turbulence
Air flow which is not smooth and steady.

When an airplane flies through turbulent air, it can unexpectedly rise, drop, roll,
pitch or yaw very abruptly.

undercarriage
The part of an aircraft that provides support while the aircraft is on the ground.  It
includes wheels, shock absorbers and support struts.

There is an undercarriage unit under the nose of the aircraft as well as approximately
midway back, under the fuselage.  Undercarriage normally includes rubber tires, but
may have skis for landing on snow or floats for landing on water.
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variable sweep wing
Wings that are hinged so they can be slanted forward or backward during flight.

The F-14 aircraft is an example of a supersonic jet with variable sweep wings.

velocity
The speed of an object, in a certain direction.

vertical axis
The axis extending straight up and down through the center of gravity of an aircraft.
The vertical axis is perpendicular to the longitudinal and lateral axes.

The vertical axis is sometimes called the “z” axis.  Yaw is a motion around the
vertical axis.

vertical stabilizer
The vertical part of the tail.

The vertical stabilizer  helps to increase the stability of the aircraft.  It is also known
as a fin.

weight
The force of gravity acting on an object.

The weight force pulls an aircraft toward the Earth and must be overcome by a
combination of lift and thrust.

wind tunnel testing
A Tool of Aeronautics that involves placing a model of an aircraft or part of an aircraft
into a wind tunnel and using instruments to gather data while air is blown by the model.

Wind tunnel testing is used to investigate and accurately describe the effects of
airflow on an aircraft or part of an aircraft.

wind tunnel
A wind tunnel is a tube or cylinder in which a model of an airplane or part of an airplane
is placed.

Air is blown past the model so that it experiences the same forces  as it would if it
were actually flying.  The struts that hold the model in place measure these forces.



Part I - Section 3

EG-2003-07-001-ARC

303

Exploring Aeronautics:The Science of Flight

Appendices - T/S

wing
A part of an airplane that is attached to the fuselage.

Wings are shaped like airfoils and are used to provide lift for the airplane.  There are
four basic types of wings:  straight, sweep, delta and variable sweep.

yaw
A rotational motion in which the aircraft turns around its vertical axis.  This causes the
aircraft’s nose to move to the pilot’s right or left.

Pushing the right rudder pedal will tilt the rudder to the right.  The pilot will see the
nose of the aircraft turn to the right.
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Aerospace Balloons: From Montgolfiere
to Space
Edwin J. Kirschner
Aero Publishers, Inc.
Fallbrook, CA
1985
ISBN: 0-8168-0951-8

The Airplane Book
Cheryl Walsh Bellville
Carolrhoda Books, Inc.
Minneapolis
1991
ISBN: 0-87614-686-8

Airplanes of the Future
Don Berliner
Lerner Publications
1988
ISBN: 0-8225-1580-6

The American Heritage History of Flight
Edited Alvin M. Josephy, Jr.
American Heritage Publishing Co., Inc.
NY
1962

Print Material

Bag of Smoke: Man’s First Reach for Space
Lonzo Anderson
Alfred A. Knopf
New York
1968
68-22248

Blimps
Roxie Munroe
E. P. Dutton
New York
1989
ISBN: 0-525-4441-6

The Complete Book of Airships: Dirigibles, Blimps
& Hot Air Balloons
Don Dwiggins
Tab Books, Inc.
Blue Ridge Summit, PA
1980
ISBN: 0-8306-9696-2

Cross Sections: Look Inside Planes
Michael Johnstone
Dorling Kindersley
London
1994
ISBN: 1-56458-520-4

Appendix 2:  Resources and References

The following lists of print materials, video materials, associations, web sites and kits and
games simply serve as a reference which offer additional materials and information to
the classroom teacher. These lists are not to be considered an endorsement by NASA
Ames Research Center.

Teacher Readings
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A Dream of Wings
Tom D. Crouch
W. W. Norton & Company
New York
1981
ISBN:  0-393-01385-5

Experimenting with Air and Flight
Ormiston H. Walker
Franklin Watts
New York
1989
ISBN: 0-531-10670-5

Fantasy in Flight
C. Burton Cosgrove
Hatfield History of Aeronautics
Albuquerque, New Mexico
1974

A Field Guide to Airplanes of North America
M.R. Montgomery & Gerald L. Foster
Houghton Mifflin Company
Boston, MA
1984
ISBN: 0-395-35313-0

Flight Without Formulae*
A. C. Kermode (fifth edition updated by Bill
Gunston)
Longman Scientific & Technical
London, England
1989
ISBN: 0-582-02698-9

High Speed Flight
Bill Sweetman
Jane’s Publishing Company Limited
London
1983
ISBN: 0-86720-661-6

A History of Aircraft*
F. Alexander Magoun and Eric Hodgins
Whittlesey House
McGraw-Hill Book Company, Inc.
New York
1931

Introduction to Flight*
John D. Anderson, Jr.
McGraw-Hill Book Company
New York
1989
ISBN: 0-07-001641-0

Jane’s Encyclopedia of Aviation
Compiled & edited by
Michael J.H. Taylor
Crescent Books
New York
1995

Ladybirds
Henry M. Holden
Black Hawk Publishing Company
Mt. Freedom, New Jersey
1991
ISBN:  1-87963-011-7

The Lore of Flight
John W.R. Taylor
Barnes & Noble, Inc.
New York, NY
1996
ISBN: 0-7607-0364-7

Man with Wings A Pictorial History*
Edward Jablonski
Doubleday & Company, Inc.
Garden City, NY
1980
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Milestones of the Air, Jane’s 100
Significant Aircraft
Compiled by H.F. King, M.B.E.
Edited by John W.R. Taylor
McGraw-Hill Book Company
New York, NY
1969

The Prehistory of Flight
Clive Hart
University of California Press Berkeley, Ltd.
London, England
1985
ISBN:  0-520-05213-7

Research Airplanes: Testing the Boundaries of Flight
Don Berliner
Lerner Publications
1988
ISBN: 0-8225-1582-2

Searching the Horizon: A History
of Ames Research Center 1940-1976
Elizabeth A. Muenger
The NASA History Series
Washington D.C.
1985

Unconventional Aircraft
Peter M. Bowers
Tab Books
Blue Ridge Summit, PA
1990
ISBN: 0-8306-8450-6

Up, Up and Away: The Science of Flight
Dr. David Darling
Dillon Press
New York
1991
ISBN: 0-87518-479-0

Whitewings:  Excellent Paper Airplanes
(Future of Flight Series/ Boxed
Assembly Kit for 15 Models)
Dr. Y. Ninomiya
Running Press
1994
ISBN: 1-561-3800-75

Whitewings:  Excellent Paper Airplanes
Assembly Kit (Heritage Series)
Dr. Y. Ninomiya
Running Press
1989
ISBN:  0-894-71700-6

Whitewings:  Excellent Paper Airplanes
 Assembly Kit for 15 Models (Original Series)
Dr. Y. Ninomiya
Running Press
1987
ISBN:  0-894-71571-2

Women of the Air
Judy Lomax
Dodd, Mead and Company
New York
1987
ISBN:  0-396-08980-1

Student Readings

Amazing Flying Machines
Alfred A. Knopf
Dorling Kindersley Limited
London
1992
ISBN:  0-679-92765-4

Aviation and Space Science Projects*
Dr. Ben Millspaugh
Tab Books (A division of McGraw-Hill, Inc.)
New York
ISBN: 0-8306-2157-1
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Cross Sections: Look Inside Planes
Michael Johnstone
Dorling Kindersley, Ltd.
London, 1994
ISBN:  1-56458-520-4

The First Air Voyage in the United States
Alexandra Wallner
Holiday House
New York, 1996
ISBN:  0-8234-1224-5

The First Flight Across the United States:
The Story of Calbraith Perry Rodgers
and His Airplane, the Vin Fix  (First Books)
Richard L. Taylor
Franklin Watts, Inc.
New York 1993
ISBN: 0-531-20159-7

The First Solo Flight Around the World:
The Story of Wiley Post and His
Airplane, the Winnie Mae  (First Books)
Richard L. Taylor
Franklin Watts, Inc.
New York 1993
ISBN: 0-531-20160-0

The First Unrefueled Flight Around the World:
The Story of Dick Rutan and Jeana Yeager and
Their Airplane, Voyager  (First Books)
Richard L. Taylor
Franklin Watts Inc.
1994
ISBN: 0-531-20176-7

Flight
Robert Burleigh
Philomel Books
New York
1991
ISBN: 0-399-22272-3

Flying Free:  America’s First Black Aviators*
Philip S. Hart
Lerner Publications Company
Minneapolis, MN
1992
ISBN: 0-8225-1598-9

The Fool of the World and the Flying Ship:
A Russian Tale
retold by Arthur Ransome
Sunburst Books
1995
ISBN: 68-54105

The Glorious Flight: Across the
Channel with Louis Bleriot
Alice and Martin Provensen
Viking Press
New York
1983
ISBN: 0-670-34259-9

High in the Sky (Supersmarts)
Steve Parker
Candlewick
New York
1997
ISBN: 0-763-60128-4

How it Works: The Worlds of Flight
Bill Gunston
Barnes and Noble Books
New York, 1997
ISBN: 0-7607-0427-9

How Jet Engines are Made (How it is Made)
Julie Moxon
Facts on File
New York
1985
ISBN: 0-861-00037-9
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Jets (The Usborne Young Scientist Series)
Mark Hewish
EDC Publications
1997
ISBN:  0-860-20051-5

Lost Star: The Story of Amelia Earhart
Patricia Lauber
Scholastic Inc.
New York, NY
1988
ISBN: 0-590-41159-4

Planes, Gliders, Helicopters
and Other Flying Machines
Terry Jennings
Kingfisher Books
New York
1993
ISBN:  1-85697-869-9

Research Airplanes: Testing the Boundaries of Flight
(Discovery)
Don Berliner
Lerner Publications Company
1988
ISBN: 0-822-51582-2

Sky Pioneer: A Photobiography of Amelia Earhart
Corinne Szabo
National Geographic Society
Washington, D. C., 1997
ISBN:  0-7922-3737-4

The Story of Flight*
Scholastic Voyages of Discovery
Scholastic Inc.
New York
1994
ISBN: 0-590-47643-2

The Story of Flight:  Early Flying Machines, Balloons,
Blimps Gliders, Warplanes And Jets (Voyages of
Discovery)
Editors:  Dan Hagedorn & Sheila Keenan
Scholastic Trade
1995
ISBN: 0-590-47643-2

Strange and Wonderful Aircraft
Harvey Weiss
Houghton Mifflin Company
Boston
1995
ISBN: 0-395-68716-0

Timelines Flight: Fliers and Flying Machines
David Jefferis
Franklin Watts
New York
1991
ISBN: 0-531-15233-2

The Tuskegee Airmen: Black Heroes of World War II
Jacqueline Harris
Dillon Press
Parsippany, New Jersey
1996
ISBN: 0-382-39215-9

The Visual Dictionary of Flight
(Eyewitness Visual Dictionary)
Dorling Kindersly Books
London, Great Britain
1992
ISBN:  1-56458-101-2

What’s Inside? Airplanes
Dorling Kindersly Books
London, Great Britain
1992

The Wright Brothers: How They Invented the
Airplane
Russell Freedman
Holiday House
New York, 1991
ISBN:  0-8234-0875-2
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Videos
Basic Aerodynamics
FlighTime video series

Let’s Go Flying, Kids
Meridian House
1994
1 (800) 260-3434

Tell Me Why Video Series:  Flight
Black Hawk Publishing Company
P.O. Box 24
Mt. Freedom, NJ 07970
(201) 895-4672

764 Aerodynamics (1986)
Principles of flight from the era of the
Wright Brothers to the Space Shuttle
are illustrated in this 35-minute video, using
a range of experiments that can be done
in the classroom.

1011 Reaching for Tomorrow
(Future of Aeronautics) 1989
This 30-minute video tape describes
Dryden Flight Research Facility
which is NASA’s premier installation
for aeronautical flight research.

1014 Flight for the Future (1990)
The aeronautical research performed
at Ames Research Center is
described in this 30-minute video.
The four tools of aeronautics are
covered from CFD, to wind tunnels,
to flight simulation through flight test.

NOVA:  Adventures in Science Daredevils of the Sky
WGBH
1994
60 minutes
1 (800) 255-9424

NOVA:  Adventures in Science Aircraft Carrier!
WGBH
1994
60 minutes
1 (800) 255-9424

01 Aeronautics
General overview of the principles of
aeronautics and flight.

02 Aerodynamics
Includes aerodynamics of bodies,
combinations, wings, rotors, and
control surfaces; and internal flow in  ducts
and turbomachinery.

04 Aircraft Communications and
Navigation
Includes digital and voice
communication with aircraft; air
navigation systems; air traffic control.

32 Communications and Radar
Includes radar, land and global
communications; communications
theory and optical communications.

612 Milestones of Flight (1988)
This 25-minute video tape traces the
history of flight from Langley’s first
attempts to the Space Shuttle.  Uses
live footage from many history
making events.

NASA  Video Catalog Collection:
These videos can be obtained from any Research Center’s Educator Resource

Center by submitting a blank video tape.
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Aerospace Industries Association of America, Inc.
1250 Eye St. NW
Washington, DC 20005

Airline Pilots Association
1625 Massachusetts Ave. NW
Washington, DC 20036

Air Traffic Control Association
220 N. 14th St., Suite 410
Arlington, VA 22201

Air Transport Association of America
1709 New York Ave., NW
Washington, DC 20006

Aircraft Owners and Pilots Association
421 Aviation Way
Frederick, MD 21701

American Institute of Aeronautics and
Astronautics
370 L’Enfant Promenade SW
Washington, DC 20024

Aviation Distributors and
Manufacturers Association
1900 Arch St.
Philadelphia, PA 19103

Civil Air Patrol
Building 714
Maxwell AFB, AL 33112-5872

Experimental Aircraft Association
Educational Division
Wittman Field, Oshkosh, WI 54903-3086

Federal Aviation Administration
Aviation Education APA-100
800 Independence Ave. SW
Washington, DC 20591

General Aviation Manufacturers
Association
1400 K St. NW, Suite 801
Washington, DC 20005

National Agricultural Aviation
Association
115 D St. SE, Suite 103
Washington, DC 20003

National Air Transportation Association
4226 King St.
Alexandria, VA  22302

National Association of Air Traffic
Specialists
4780 Corridor Place
Beltsville, MD 20705

National Transportation Safety Board
Office of Public Affairs
800 Independence Ave. SW
Washington, DC 20591

The Ninety-Nines, Inc.
Will Rogers World Airport
P.O. Box 59965
Oklahoma City, OK 73159
Soaring Society of America, Inc.
P.O. Box E
Hobbs, NM 88241

United States Hang Glider Association
P.O. Box 8300
Colorado Springs, CO 80933

4-H Aerospace Education
National 4-H Program
U.S. Dept. of Agriculture
Room 38605
Washington, DC 20250

Associations
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Air Transport Association of America
Public Relations Committee
1709 New York Ave. NW
Washington, DC 20006

American Helicopter Society, Inc.
217 North Washington St.
Alexandria, VA 22314

Aircraft Electronics Association
P.O. Box 1981
Independence, MO 64055

Cessna Aircraft Company
Air Age Education
P.O. Box 1521
Wichita, KS 67201

National Air and Space Museum
Public Relations Department
7th St. and Independence Ave. SW
Washington, DC 20560

NASA
Educational Affairs Division
Code XEO, NASA Headquarters
Washington, DC 20546

National Association of State Aviation Officials
Metro Plaza One, Suite 505
8401 Colesville Road
Silver Spring, MD 20910

Web Sites

URL:  http://www.eng.fiu.edu/aero/tools.html

Appropriate user:  teacher or student

Information offered:  Describes the basics of how an airplane flies and how it is navigated.  Included
are many pictures and diagrams of the fuselage, empennage, landing gear, wings, and the importance of
each.  The study is divided into the following six chapters:  Structure of an airplane, characteristics of
the Flight Atmosphere, Principles of Flight, The Four Forces of Flight, Flight Navigation, and Aircraft
Propulsion.

Possible correlation: This URL would be most appropriate for at least eighth grade and above.
Teachers would find this valuable as a refresher to the principles of aeronautics as well as a site to
access other links, history, and career information on aeronautics.

URL:  http://www.mcet.edu/nasa/index.html

Appropriate user:  elementary through  high school teachers

Information offered:  This URL offers a five part, live, interactive broadcast series.  These broadcasts
are designed to inspire students and engage these learners in science and flight.  Some examples of the
core concepts would include:  air has weight, lift results from Bernoulli’s principle, history of human
flight, the aerodynamics of flight, the four forces of flight, basic flight instruments, etc.  Pre- and post-
activities are suggested for teaching the concepts and is divided into three levels.  Level 1 indicates
appropriateness for elementary, Level 2 is for middle school, and Level 3 is for high school as a general
guide.
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Possible correlation:  This URL provides a wealth of information on aeronautics, aviation science
activities, History, and Literature, for the three different levels stated above.  There are cool links, live
broadcasts, and forums to explore as a teacher or student.

URL:  http://trc.dfrc.nasa.gov/ftintro/index.html

Appropriate user:  aeronautical/technical engineering (students and teachers)

Information offered:  This URL provides a technical overview to the introduction to flight test
maneuvers.  It describes the process of gathering information which describes the capabilities of
particular types of airplanes.  This information is used to design future airplanes which can operate
safely in the environment.  Test maneuvers are also addressed and described in detail in sections
following the introduction.  Acceleration and deceleration, climb, roll, flutter, control pulses, etc. are
various topics covered and listed in the index.

Possible correlation:  This URL would be an informative resource for teachers who have technical
background, but would not be appropriate for students due to the technical details and special
terminology used.

URL:  http://trc.dfrc.nasa.gov/lesson_plan/aerointro.html

Appropriate user:  high school teacher

Information offered:  This URL provides aeronautics lesson objectives from Dryden Flight Research
Center at the high school level. These lesson objectives include understanding vertical flow, analysis of
research data, projecting results of conclusions, and use of research results in real world situations. It
is suggested that learner interaction should include:  discussion of problems and solutions, discussion
of the value of an inexpensive research tool that produces reliable results for understanding a
phenomenon with the Water Tunnel Lesson, discussion of the value of research in real world constraints
with the X-31 Lesson, and contributions from all learners including students, teachers, and experts.

Possible correlation:  There is an aeronautics X-31 Water Tunnel Research Quiz that can be e-
mailed to see what the students actually learned.

URL:  http://www.lerc.nasa.gov/WWW/K-12/windtunnel.html

Appropriate user:  elementary, middle school, or high school teachers

Information offered:  The K-12 Wind Tunnel Homepage offers the user access to historical information
of wind tunnels, general classroom aeronautics activities, build your own wind tunnel activity, and links
to wind tunnels on the web.  It provides a very clear explanation of the Bernoulli Principle and the first
and second laws of motion, and then has question exercises and Space Mathematics worksheets for
students to check understanding.

Possible correlation:  The teacher can access activities, experiments, and lesson plans that will help
explain some of the basic principle’s of aeronautics.
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URL:  http://www.nasm.edu/GALLERIES/GAL 109/NEWHTF/HTF030.HTM

Appropriate user:  elementary and middle school students

Information offered:  The How Things Fly homepage is a great URL for elementary and middle
school students to browse through and learn about several aspects of flight.  Students study how
balloons are like boats, why we can’t fly like the birds, how a jet weighing thousands of pounds can fly,
how air is stuff, and how spacecraft in orbit don’t float, but they fall around the Earth.  Included at the
end of each page is a “Did You Know?” button, when pressed it reveals fun facts relevant to the topic
studied.

Possible correlation: This URL provides an interactive and stimulating approach to discovering how
things fly for students.

URL:  http://www.planemath.com/

Appropriate user:  teacher and elementary or middle school students

Information offered:  This web site presents math and aeronautics in a fun way.  Students can
partake on a math lesson that is related to flight.  They can create a flight path and find the shortest
route between two cities, or look at plane capacity and figure out how many people can board the
plane, fly a herd of buffalo to the prairies and evaluate the runway and takeoffs, or embark on a bird’s
eye view and learn to fly a rescue helicopter.  You can go right to the lesson, get some help to get
started, check out other web sites, or show a friend how to use this site and have fun learning about
math and aeronautics.

Possible correlation:  Teachers can find a list of other places on the world wide web to find math,
aeronautics, or disability information.  There is also a parent/teacher information site to find a resource
list or look at math standards and objectives addressed by the program activities.

URL:  http://hermes.k12.ar.us/docs/think/web/models/mendocino/fly2.htm

Appropriate user:  elementary teachers

Information offered:  At this web site, elementary teachers can find a flight unit.  Listed are highlights
from the materials used in this unit that includes design group applications, economic indicator, graphic
organizer, and interned survey form used.  Students’ aircraft designs in rough draft and final copy form
can be looked at.  This is helpful so that teachers can get an idea of the great work that young students
can create when inspired.  There are also personal highlights for the teachers who wrote the units.

Possible correlation:  Teachers can find a list of other Internet resources for further study of
aeronautics and other teaching resources.
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URL:  http://www/rspac.ivv.nasa.gov/observe/techpark/edu/edu.html

Appropriate user:  Teachers and students, K-12

Information offered:  There are selected NASA projects that have been developed by educators,
scientists, and technologists under cooperative agreements with NASA.  The material is organized by
grade level and topic, which makes it easy to browse and find what is needed efficiently.  Topics that are
available include aeronautics, atmosphere, land, space and water.

Possible correlation:  There are links to various good sites for teachers provided at this web site.
One can also find information on how to get schools linked to the Internet, on-line interactive projects,
legislative issue, policies, and grants.

URL:  http://trc.dfrc.nasa.gov/shape/

Appropriate user:  High school teachers

Information offered:  This web site provides glider event teaching strategies and sharing aeronautics
projects electronically.  The strategies focus on the importance of planning, introducing weather, the
importance of a flight plan, aircraft preparation, emergency procedures, and final preparation. Decision
points are emphasized where students must make critical decisions based on a particular scenario.
The goal is to learn the mechanics of glider flight and the interaction of the weather, the forces of flight
and drag and other considerations that allow people to make decisions in a certain situation.

Possible correlation:  Teachers can see how this hands-on activity could be included with the
curriculum and linked to an aeroevent.

URL: http://www.allison.com/school/jet/layout.html

Appropriate user: upper elementary and above

Information offered:  This site is entitled “How a Jet Engine Works”.  It includes a basic, non-
technical description of how a jet engine generates thrust.  The individual components of gas turbine
engines are discussed.  An excellent page for those interested in knowing how “real” jet aircraft are
powered.

Possible correlation:  Good student research site.

URL: http://aero.com

Appropriate user:  teachers

Information offered:  A directory of links that lead to a variety of sources: software catalogs, collection
of books, mail order catalogs and a classified advertisement section offering aviation type toys, listings
of magazines, newspapers and newsletters.  It also links you to sites involving ballooning, parachutes
and helicopters.

Possible correlation:  Research site for teachers.
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URL:  http://www.avhome.com (The Aviation Home Page)

Appropriate user:  teachers and high school students

Information offered:  An aviation directory that is simple and searchable.  Each subject has a summary
that gives you some information before you select it.  The subjects cover the following:  airlines,
airports, clubs, organizations, companies, academies, universities, flight schools, federal and military
resources, newspapers, magazines, museums, flight simulation, art, photography, poetry, meteorology,
satellite images and more.

Possible correlation:  Research site for teachers and high school students.

URL:  http:/www.wmich.edu/aviation/wof  (World of Flight)

Appropriate user:  junior high and up

Information offered:  This site is maintained by an aviation sciences student at Michigan University
and has an excellent graphic presentation.  It offers the following topics: general aviation aircraft pictures
under the Aircraft Directory, cockpit layouts in the Flight Deck Directory, a tutorial section that
describes and informs on aeronautical topics and a weather icon that offers free up-to-date radar and
satellite images.

Possible correlation:  Student research for reports, general exploration, weather discussions.

URL:  http:/www.aircruise.com/aca/wia  (Women in Aviation)

Appropriate user:  elementary and up

Information offered:  This easy-to-use site links you to other hard-to-find resources in books,
training, mailing lists, museums, publications, video tapes and upcoming events.

Possible correlation: Research resources and connection to other resources.

URL:  http://www.naa.ycg.org  (National Aeronautic Association)

Appropriate user:  high school and up

Information offered:  Mainly recruitment, but it also offers links to the following sites: Balloon
Federation of America, Experimental Aircraft Association, Helicopter Club of America, Soaring Society
of America, United States Hang Gliding Association.  It also includes the top ten aeronautical records.

Possible correlation:  A place to go to look for other resources.
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URL:  http:/www.faa.gov  (Federal Aviation Administration)

Appropriate user:  junior high and up

Information offered:  Once you wade through the goals, personnel and mandates you will find a
wealth of good information.  It is mainly text, but has plenty of information about the FAA.

URL:  http://accuwx.com (Accuweather)

Appropriate user:  upper elementary to adult

Information offered:  This is an award winning weather site that is easy to navigate.  There is lots of
weather data and weather information.  It is free for some weather samples, but for real-time weather
information you will need to subscribe.

Possible correlation:  If you wish to expand and discuss the role weather plays in flight, this is the
site.

URL:  http://www.weather.com/  (The Weather Channel)

Appropriate user:  upper elementary to adult

Information offered:  Lots of easy-to-reference weather tidbits filled with facts and trivia.  Special
weather news, explanations and current features.

Possible correlation:  If you wish to expand and discuss the role weather plays in flight, this is
another good site.

URL:  http://stega.smoky.org/~dlevin/

Appropriate user:  upper elementary to adult

Information offered:  This is an intensive, interactive handbook packed with data about over 600
different types of aircraft.  The reviews include a description, brief history and technical data.

Possible correlation:  Relates to vehicle types and regimes of flight and could be used for additional
research on aircraft.

URL:  http://www.nasm.edu  (National Air and Space Museum)

Appropriate user:  upper elementary to adult

Information offered:  This virtual museum gives you an excellent look at aviation history.  You can
view exhibition galleries, educational programs geared for students, and be linked to other NASM
resources.

Possible correlation:  Visit here to see some of the actual vehicles that made history and to do
further research on any of the topics covered in the Exploring Aeronautics unit.
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URL:  http://www.AerospaceMuseum.org  (San Diego Aerospace Museum)

Appropriate user:   upper elementary to adult

Information offered:  This site has great graphics, well written history section and easy-to-use
navigation.  It is an excellent exhibit tour that covers the beginnings of powered flight all the way to the
space age.  If you can’t get to the real thing, this on-line museum is great.

Possible correlation:  This parallels part of the timeline section of the Exploring Aeronautics unit.

URL:  http://www.southwind.net:80/~wknapp/air_cap?

Appropriate user:  upper elementary to adult

Information offered:  This site gives wonderfully written accounts and informative historical facts
about the early aircraft years from 1911-1929.  It gives additional information about some of the great
aviators of the time.

Possible correlation:  Additional information for research on other aviators not mentioned in the
timeline.

URL:  http://www.unomaha.edu/~himbergr/flight.html

Appropriate user:  high school and above

Information offered:  Although it mostly centers around the University of Nebraska at Omaha
Aviation Institute’s offerings, it does include the following:  course lecture notes, programs and projects
offered, careers in aviation, flight training, flying techniques for pilots.

Possible correlation:  Great information for high school students interested in aviation career and
study.  Some interesting background information available here for teachers.

URL:  http://hawaii.cogsci.uiuc.edu/invent/airplanes.html

Appropriate user:  upper elementary and above

Information offered:  This virtual museum tour on the invention of the airplane has fun graphics.  It
includes a gallery of aviation inventors, photo gallery and a list of relevant readings.

Possible correlation:  It relates well with the history section and the regimes of flight.  Students
could use this as a research resource.
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URL:  http://www.airfax.com/mof/

Appropriate user:  upper elementary and above

Information offered:  This is actually the unofficial site on the Seattle Museum of Flight that was
created by a loyal supporter of the museum.  It has a wonderful selection of gallery photos.  It includes
some actual history making aircraft and some replicas.  The organization is simple, yet effective.

Possible correlation:  Good research site on vehicle types.

URL: http://www.ionet.net/~jellenc/ae_intro.html (Amelia Earhart)

Appropriate user:  upper elementary and above

Information offered:  This is an expertly written, illustrated and presented tribute to this aviatrix.
The text is easy to read and covers her life.  It also includes links to sites such as famous women in
aviation and the Ninety-Nines.

Possible correlation:  Good research for students wanting to learn more about this woman or to
find links to other resource sites on female flyers.

URL: http://www.dfrf.nasa.gov/PhotoServer/photoServer.html

Appropriate user:  upper elementary and above

Information offered:  This site is filled with digitized delights of over 600 images of aircraft.  The
archive offers a vast selection of research aviation photos dating back to 1940.  It also offers  a Dryden
fact sheet and flight research projects page.

Possible correlation:  Excellent research site for copyright free photos of aircraft.  Good as a
resource for research on vehicle types.

URL:  http://pchelp.inc.net/paper_ac.htm  (Paper Airplanes)

Appropriate user:  upper elementary and above

Information offered:  This is a fun site offering step-by-step directions with diagrams for making
paper airplanes.

Possible correlation:  This is a good teacher resource for free paper airplane making instructions
that can be used to illustrate the unit, for art and even to help students with ideas for the culminating
air show event.
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URL:  http://www.cyberspace.com/mbrunk/avpoem.html  (Aviation Poetry)

Appropriate user:  upper elementary and above

Information offered:  This simple site contains a comprehensively, compiled list of aviation poems
that deal with wartime insights, courage, thrills of flight, serenity of flying and personal experience.
These are written by amateur and professional poets, but could serve as a resource for the teacher
when looking for poems about flying to be shown as examples for students when doing the poetry
writing parts of the literature section.

URL:  http://www.tc.faa.gov/ZDV/careers.html  (Your Career in Aviation- The Sky’s the Limit)

Appropriate user:  upper elementary and above

Information offered:  This site is an extension of the FAA Aviation Education Program and gives
information on a variety of careers one can find in the vast field of aviation.  The information here is
candid and contains an honest insight into the real world requirements, conditions and future outlook.

Possible correlation:  Lots of good research information here for a career search.

URL:  http://www-groups.dcs.st-and.ac.uk/~history/index.html (mathematics history as well as
important mathematicians)

Appropriate user: upper elementary and above

Information offered:  This site is loaded with information on mathematics. This archive was developed
for learning about and experimenting with mathematics. It includes an extensive biography section of
mathematicians, a spotlight section that features the mathematicians who were born or died on the
current month/day, a birthplace map, a section on female mathematicians and an interactive segment
on “famous curves.” One can reach specific mathematicians through the chronological index, biographical
index or the birthplace map. The interface is easy and fun to use even for upper elementary students.
It is an excellent resource for biographical and historical research. The history index presents
mathematical topics in their historical context and shows how these ideas developed over time. It
even has a search mechanism that makes it quick to get right to the information one needs.

Possible correlation: In terms of aeronautics, it does not have a specific connection. Overall though
it is an excellent resource.

URL:  http://www-hpcc.astro.washington.edu/scied/science.html (Science and Mathematics
Education Resources)

Appropriate user: upper elementary to teachers
Information offered: This education based site offers lots of science throughout the disciplines. It
does have some information on aeronautics.
Possible correlation: Correlates to the “How an Airplane Flies” segment of the CD-ROM
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URL:  http://www.faa.gov (Federal Aviation Administration:  Airport Tools)
Appropriate user: high school and above
Information offered: explains the functions of the FAA as they relate to the actual administration,
air traffic control and flight safety. It also provides the latest news and information about aviation from
the FAA’s Office of Public Affairs (which includes the history of the FAA and information on turbulence),
it also offers a link to “other aviation sites” which leads to “education” that connects you to other
technical information offered by colleges.
Possible correlation: career information and education information as it expands the information
base in aviation.

URL:  http://www.pweh.com/history/mile2.html (Pratt and Whitney Engine Design Milestones)
Appropriate user: elementary to teacher
Information offered: easy-to-read timeline on the history of engines.
Possible correlation: great information on the technology of propulsion systems that relates to the
“How an Airplane Flies” section of the CD-ROM.

URL:  http://www.aviation-history.com/ (Aviation History On-Line Homepage)
Appropriate user: upper elementary to teachers, very easy to use
Information offered: includes information on aircraft, aviators, engines, construction, theory as well
as a link to even more aviation sites. It has interesting graphics that help to illustrate key points.
Possible correlation: The section on “Theory of Flight” directly correlates to the “How an Airplane
Flies” segment of the CD-ROM. It has been designed for students to use.

URL: http://www.aviation-history.com/index-engine.htm (The Aviation History On-Line Museum)
Appropriate user: upper elementary to teachers
Information offered: Great information  from the history of engines, to an explanation of how a jet
engine works, to how each type of jet engine works. Nicely illustrated.
Possible correlation: Offers extra information about different kinds of jet propulsion systems which
expands on the “How an Airplane Flies” section of the CD-ROM.

URL:  http://www-sci.lib.uci.edu/SEP/SEP.html (Frank Potter’s Science Gems)
Appropriate user: teachers
Information offered: This site offers teachers valuable lesson plans in physical science, earth science,
life science, mathematics, engineering (aeronautics is found here), and technology. There’s also information
on great science discoveries of the 1990s.
Possible correlation: The engineering section includes additional aeronautics-related material.
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